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ADDEESS  AT  THE  ANNUAL  CONVENTION  AT  THE  HOTEL 

KAATERSKILL,  NEW  YORK,  JULY  2,  1887, 

By  "WiXiiiiAM  E,  WoRTHEN,  President  Am.  Soc.  C.E. 


I  was  much  gratified  by  my  election  as  President  of  the  American 
Society  of  Civil  Engineers,  a  numerous  body  of  men  who  fully  represent 
the  i^rofession,  and  with  whom  I  have  been  for  a  long  time  connected. 
In  assuming  the  office  I  undertook  the  duties  of  the  position,  which, 
however  honorable,  are  not  entirely  without  responsibility.  I  now  jiro- 
ceed  to  fulfill  one  of  the  requirements  by  delivering  an  annual  address, 
which  is  suijposed  to  be  a  resume  of  what  was  done  last  year  and  the 
progress  of  the  work  of  engineers,  with  some  impressions  of  my  own 
experience  and  my  opinion  with  regard  to  the  future. 

I  have  collected  sundry  statistics  from  newspajjers,  magazines,  etc. , 
and  although  I  have  not  credited  them  to  the  diiferent  parties,  I  yet 
follow  the  rule  of  the  society  in  their  publications,  in  not  assuming  the 
responsibility  for  the  facts  and  opinions  advanced,  nor  shall  I  back  my 
opinions  against  facts  if  they  are  hereafter  found  in  opposition  thereto. 

There  is  little  of  the  catastrophic  in  engineering  science.  It  is 
essentially  an  evolved  science;  the  works  and  facts  from  which  it  is 
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evolved  have  been  the  accumulation  of  centuries;  shrewd  guesses  or 
judgments  -worked  out;  a  cojiying  of  examijles;  changing  construction 
according  to  the  teaching  of  experience,  and  api3lication  of  varied  ma- 
terial dependent  ujjon  location  and  requirements.     Without  going  back 
into  remote  history,  when  the  term  engineer  was  not  known,  although 
there  were  wonderful  exami^les  of  engineering  construction,  let  us  con- 
sider the  growth  of  the  science  up  to  its  i^resent  standi^oint.  Who  built 
the  first  bridge?    The  change  from  wooden  to  iron  structures  is  recent, 
yet  how  full  is  the  record  of  steps.     Who  conceived  the  first  railway? 
Its  growth  from  the  strap  railway  is  wholly  within  our  recollection. 
How   many  have   contributed   to  make  the   turbine   the  wonderfully 
efficient  and  economic  water-motor  it  now  is?    Who  first  thought  of  the 
application  of  steam  to  the  purposes  of  jiower?    How  many  worked  at 
the  construction  and  improvement  of  boilers  and  steam  engines?     We 
can  pick  out  parts  that  were  an  essential  improvement,  and  give  the 
names  of  the  men  who  first  designed  them,  but  the  great  body  of  the 
machine  is  made  up  of  parts  which  have  been  constructed  by  mechanics 
Avithout  name,  and  not  only  the  parts,  but  the  machines  to  make  the 
l^arts  uniform  and  interchangeable. 

Many  an  invention  conceived  before  its  time  could  be  unearthed 
from  patent  records;  either  because  it  was  not  then  needed,  or  the  tools 
which  made  it  economically  and  practicable  were  not  to  be  had.  How 
much  development  of  industry  has  been  given  by  the  lathe,  planer,  and 
shajiing  machines?  Seldom,  if  ever,  in  the  lapse  of  a  single  year  can  we 
record  any  striking  novelty  which  can  be  set  down  as  a  step  in  progress. 
It  takes  years  to  complete  and  practically  test.  Like  the  statue  of 
"  Liberty  Enlightening  the  World,"  which  is  one  of  the  accomplished 
facts  of  last  year,  it  took  many  years  to  design,  construct,  and  raise  it. 
It  is  unfortunate,  however,  that  in  illuminating  the  world,  no  provisions 
were  made  for  illuminating  the  statue  itself. 

The  name  Engineer  is  of  quite  recent  date,  and  is  very  mixed  in  its 
definition;  the  Architect  preceded  it.  Architecture  was  always  con- 
sidered among  the  ancients  as  one  of  the  liberal  arts,  but  the  name  of 
architect  was  not  given  till  a  few  centuries  ago  to  artists  charged  with 
the  construction  of  l)uildings.  The  man  of  the  profession  before  the 
architect  was  the  master  of  the  works,  a  practical  builder;  and  work 
comprehended  the  entire  building  and  its  furniture.  It  is  probable  that 
the  religious  houses,  which  contained  all  that  there  were  of  men  of 
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letters,  savants,  and  scholars  on  the  Continent,  furnished  not  only  the 
men  who  designed  and  directed  the  monastic  constrtictions,  but  also  the 
civil  ones,  and  perhaps  military.  The  master  of  works  became  the  head 
of  a  corps  of  workmen  which  made  a  part  of  the  free  corj)orations  which 
regulated  wages  and  hours  of  labor,  and  defined  rights  and  duties.  Once 
outside  of  the  cloister,  work  went  on  with  great  rapidity.  The  master 
workman  was  the  acknowledged  head;  his  name  was  connected  with  his 
work,  and  he  was  buried  within  the  most  i^rominent  church  he  con. 
structed.  But  the  necessities  of  variation  in  designs  and  details  soon 
brought  in  the  artist  and  the  architect,  and  something  beside  the  con- 
struction of  buildings  was  necessary. 

In  1560-164:1,  Sully,  Grand  Master  of  Artillery  and  Superintendent 
of  Finances  of  Henry  IV  of  France,  was  the  first  that  appreciated  the 
service  that  could  be  rendered  by  a  body  of  geometricians  and  mathema- 
ticians, and  he  organized  a  Corjys  de  Genie,  which  took  the  title  of 
"  Ingenieurs  Ordinaires  du  Eoi."  This  organization  remained  un- 
changed until  the  time  of  Colbert  and  Vauban,  the  latter  the  "  vrai  phre 
de  Genie  Civil  et  Militaire."  L'Ecole  Mezieres,  established  in  1748, was  the 
first  institution  devoted  to  the  develoi^ment  of  the  sciences.  This  was 
the  period  when  the  expression  the  "  Corps  de  Genie  "  was  introduced 
into  the  army.  In  England,  the  distinction  between  engineers  became 
that  of  civil  and  military.  It  was  evident  in  the  discussion  of  the  pajjer 
of  Mr.  William  Metcalf,  M.  Am.  Soc.  C.  E.,  on  Steel,  before  this 
society,  that  in  the  apjilication  of  this  material  to  the  construction 
of  guns  and  to  civil  purposes,  no  distinctions  were  drawn  between 
the  civil  and  the  military,  and  the  graduates  from  West  Point  are 
able  civil  engineers  and  fulfill  that  duty  under  the  direction  of  the 
War  Department.  In  general,  the  term  engineer  is  supposed  to 
come  from  engine,  and  the  term  engineer  embraces  not  only  the 
man  who  designs  and  constructs  it,  but  the  man  who  runs  it.  I 
suggest  that  there  should  be  some  distinction;  that  engineers  should 
be  such  as  are  eligible  to  our  society,  and  that  the  men  who  run  and 
take  charge  of  engines  or  machines  should  be  called  enginers.  I 
want  to  reclaim,  perhaps,  a  little  more  of  "le  genie"  for  the  profession 
than  for  the  mechanical  artisan;  for  skill,  experience,  and  industry  may 
make  a  very  good  workman,  but  to  this  must  be  added  more  general 
and  extended  information  in  the  application  of  materials  to  necessities, 
mathematics  to  calculate,  and  drawings  to  express;  and,  more  than  this, 
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a  sentiment  of  purpose,  a  feeling  for  the  work.  A  true  engineer  is  as 
much  born  as  a  poet.  Could  we  divide  the  application  of  tlie  term  into 
engineers  and  enginers  it  would  be  distinctive,  and  I  would  drop  the- 
term  civil  as  embracing  too  large  a  2^i*ofession,  and  adopt  prefixes  as 
military,  hydraulic,  railway,  mechanical,  steam,  electric,  and  other 
divisions,  when  these  are  adopted  as  specialties.  With  regard  to  mili- 
tary engineering,  I  know  of  no  particular  j^rogress  of  recent  date.  The 
War  Department  has  undertaken  to  clear  out  Gedney's  Channel,  in  New 
York  Harbor,  by  pump  dredging,  and  it  is  satisfactory  to  report  that 
the  work  last  year  retained  its  dej^th  without  filling  in,  and  a  new  con- 
tract has  been  entered  into  at  about  half  the  price  of  last  year  and  is- 
successfully  progressing. 

HtDKAULIC     EnGINEEEING. — CoNSTEtrCTIONS     FOR    THE     TJSE     OP     WaTEK 

FOR  Power,  City   and   Town    Supplies,  Hydraulic   Mining  and 

Irrigation. 
In  the  census  of  1880  will  be  found  tabulated  accounts  of  the  water- 
power  of  the  United  States,  developed  and  undeveloiDcd.     Attention  is 
called  to  the  low  percentage  of  increase  of  water  power  in  comparison 
with  that  of  steam: 

In  1870,  Water  power,  1,130,431  H.P.     Steam,  1,315,711  H.P. 

In  1880,  '«  1,225,379     "  "         2,185,418     " 

Percentage  of  increase,  8.40     "  "         79.77 

It  will  be  seen  that  the  percentage  of  increase  of  steam  is  very  muclv 
in  excess  of  that  of  water,  but  the  latter  still  is  not  an  inconsiderable 
amount,  95,000  horse  power,  nearly  equal  to  the  power  of  the  City  of 
Lowell,  per  year.  A  convenience  of  access  to  business  and  labor  centers 
has  tendered  very  largely  to  the  increase  of  steam  power.  And  although 
there  are  immense  water  powers  yet  undeveloped,  and  the  cost  of  steam 
power  is  largely  in  excess  of  that  of  water  power,  yet  position  and  its 
relations  have  decided  iu  favor  of  steam.  And  whei'e  large  manufac- 
tories have  been  commenced  on  water  power,  and  where  the  water 
power  has  become  exhausted,  or  very  irregular,  the  business  has  been 
extended  by  the  use  of  steam,  rather  than  by  a  diversion  of  it  to  a  new 
place  for  water.  In  1844  I  assisted  Mr.  U.  A.  Boyden  in  conducting 
his  experiments  on  the  first  Fourneyron  turbines  at  the  Appleton  Mills, 
Lowell,  Mass.  This  wheel  gave  76  per  cent,  useful  efi"ect  from  the 
water,    whilst   some   breast-wheels   at   Lowell,    which    Mr.     James    B» 
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Francis,  Past  President  Am.  Soc.  C.  E.,  and  myself  tested  some  time 
before,  gave  from  60  to  66.  Mr.  Boyden  afterwards  constructed  many 
other  turbines  throughout  the  country,  introducing  many  improve- 
ments in  design  and  construction.  One  at  Lawrence  gave  over 
90  per  cent,  of  effect.  Boyden  came  of  a  very  remarkable  family, 
and  had,  above  all  men  that  I  ever  knew,  that  desirable  genius, 
the  genius  of  industry.  He  filled  in  all  his  time  with  scientific  work 
and  research.  His  relaxations  consisted  almost  entirely  of  changes  of 
subject.  His  improvements  in  water-wheels  increased  the  water  power 
at  Lowell  about  one-fourth  over  what  was  obtained  by  the  former 
wheels,  and  gave  him  the  means  of  pursuing  other  investigations 
of  light,  heat,  sound,  etc.  His  mode  of  experimenting  was  that  now 
followed  by  Mr.  Francis  at  Lowell  and  Mr.  Mills  at  Lawrence.  With 
the  impulse  given  by  Mr.  Boyden,  water-wheel  shops  were  established  in 
different  parts  of  the  country.  The  wheels  were  tested  and  improve- 
ments made,  until  now  water-wheel  construction  has  passed  out  of  the 
hands  of  the  engineers  into  those  of  manufactui'ers,  who  furnish  wheels 
ready  made,  simple,  eflficient  and  strong,  guaranteed  to  give  80  per  cent, 
eftective  power. 

Water  Supply  of  Towns. 

There  is  a  very  large  increase  in  the  number  of  town  and  cities  sup- 
plied and  additions  to  work  already  constructed.  The  great  improve- 
ment in  the  matter  of  atjueducts  has  been  in  the  application  of  wrought- 
iron  for  cast-iron  mains,  and  also  to  take  the  place  of  masonry  and 
tunneling.  Large  wrought-iron  pipes  for  conducting  water  to  turbines 
have  been  in  use  from  the  time  of  the  introduction  of  the  Boyden  tur- 
bine wheel,  but  it  has  been  left  for  California  to  largely  extend  its  use 
for  the  conducting  of  water  for  hydraulic  mining,  irrigation  and  town 
supply,  with  a  boldness  of  design  and  execution  which  has  astonished 
the  engineer.  The  method  of  hydraiilic  mining  was  introduced  or  in- 
vented in  California  in  1852.  The  supply  of  water  for  these  jets  at  first 
was  conducted  through  hose  made  of  heavy  duck  cotton  cloth,  which 
was  strengthaned  by  outer  nettings  of  cordage  when  the  j^ressure  was 
large.  In  1853  an  ingenious  miner  laid  in  his  mine  a  line  of  pipe  con- 
sisting of  ordinary  stove-pipe,  made  of  very  thin  sheet-iron,  lightly 
fastened  together  with  cold  rivets,  with  the  joints  united  stove  fashion. 
This  pipe  was  five  or  sis  inches  in  diameter.  As  hydraulic  mining  in- 
creased in  magnitude  the  sizes  of  these  supply  pipes  also  increased,  the 
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diameter  for  main  lines  for  a  large  mine  being  from  22  to  30  inches. 
These  pipes,  as  a  rule,  are  made  at  the  mine.  The  iron  is  made  from 
.055  to  .131  inches  (No.  16  to  10  Birmingham  gauge)  in  thickness,  with  a 
double  row  of  cold  rivets  for  the  longitudinal  seam  when  the  pressure  is 
to  be  large.  As  a  j^rotection  against  rust,  each  joint  is  immersed  for 
several  minutes  in  a  bath  of  boiling  asphaltum  and  tar.  They  are  now 
tised  for  permanent  conduits  both  for  conducting  water  to  mining  dis- 
tricts, across  deep  mountain  gorges,  and  also  for  the  supply  of  cities. 
San  Francisco,  a  place  of  some  300,000  inhabitants,  receives  its  water 
through  two  lines  of  such  pipes,  and  a  third  pipe,  many  miles  in  length 
and  of  large  diameter,  is  now  being  laid  for  an  additional  supply. 
Within  the  last  year  one  of  the  large  shops  in  San  Francisco  has 
increased  and  improved  its  j)lant,  so  that  they  are  now  able  to  turn  out 
weekly  a  mile  of  pipe  44  inches  in  diameter.  Of  the  quantity  of  water 
necessary  per  inhabitant  there  is  considerable  difference  of  oj)inion, 
but  there  is  no  doubt  in  the  general  opinion,  that  in  the  present  use  of 
water  there  is  an  extensive  waste. 

Of  the  quality  of  water  for  a  town  supply  there  is  a  great  difference 
of  ojjinion  among  chemists  and  scientists.  M.  Gerardin  {Rapport  stir 
i' Alteration,  la  Corruption  et  VAssainissement  des  Rivieres)  says  "the 
distinction  between  healthy  waters  and  polluted  ones  cannot  be  de- 
tected by  color,  smell,  taste,  or  chemical  analysis.  Water  can  be  very 
much  polluted  without  giving  any  smell.  Such  are  the  waters  of  paper- 
mills,  starch  and  sugar-works  at  the  leaving  of  the  works.  Many  natural 
waters  which  are  prescribed  in  the  case  of  sickness  are  very  offensive  in 
smell.  Chemical  analysis  does  not  sufficiently  explain  the  alteration  of 
waters.  If  a  perfectly  healthy  water  be  inclosed  some  time  in  a  bottle, 
well-corked,  its  elementary  analysis  always  manifests  the  same  results, 
and,  notwithstanding  this,  it  has  undergone  radical  change  and  has  lost 
all  its  good  qualities." 

Chaptal  says  "that  those  who  make  a  chemical  examination  of 
waters  only  analyze  its  dead  body."  "  Water  is  healthy  when  animals 
and  vegetables  of  a  superior  organism  can  live  in  it;  on  the  contrary,  a 
water  is  affected  when  animals  die,  and  it  can  only  nourish  infusoria. 
There  is  no  better  means  of  establishing  the  character  of  water  than  by 
determining  if  in  this  water  fish  and  aquatic  plants  can  live.  If  fish  die 
there  and  plants  perish  there,  the  character  is  certainly  polluted,  and 
the  water  should  not  be  used  for  domestic  purposes.     On  the  contiTiry, 
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if  fisli  aud  aquatic  plants  can  live  in  it  the  water  can  be  considered 
good."  There  is  an  old  French  i^roverb,  "7/  nest  pire  eau  que  I'eau  qui 
dort "  (There  is  no  worse  water  than  that  which  sleeps)  which  conveys 
the  general  impression  with  regard  to  the  sources  of  supply.  A  running 
stream  supplies  the  best  water,  and  when  reservoirs  are  necessary,  the 
one  from  which  the  water  is  drawn  directly  should  be  as  small  as 
possible,  and  the  water  from  superior  reservoirs  should  flow  down  into 
it,  so  that  the  water  may  be  well  aerated  in  its  course.  Organisms  are 
not  dangerous  because  microscopic,  and  they  are  not,  as  a  rule,  danger- 
ous. "It  is  only,"  as  an  eminent  scientist  observed,  "when  germs  of 
disease  are  introduced  from  the  outside,  that  the  waters  become  danger- 
ous," and  organisms  actually  contribute  largely  to  the  purification  of 
the  water.  If,  by  the  doctrine  that  water  once  polluted  is  always 
polluted,  it  is  to  be  understood  that  these  pollutions  are  accumulations 
from  century  to  century,  then,  for  the  preservation  of  our  species,  our 
own  organisms  must  be  changed  to  adapt  us  to  the  circumstances,  and 
in  our  new  evolution  we  should  not  be  suited  to  the  air  and  water  of 
the  Garden  of  Eden  and  its  suburbs.  M.  Gerardin,  in  the  work  above 
quoted,  sj^eaking  of  algcp,  says  they  are  endowed  with  a  very  active 
respiration.  "  The  oxygen  which  they  accumulate  decomposes  rajjidly 
organic  matter,  and  they  conti'ibute  largely  to  the  purification  of  waters 
polluted  by  organic  matters  in  decomposition.  From  the  biological 
examination  of  the  water  of  various  streams  that  are  polluted  by  paper- 
mills,  and  sugar,  starch,  and  glue-works,  as  it  leaves  the  works,  and  at 
diflferent  stages  of  the  stream  below,  he  finds  that  cryptograms  and  algce 
first  begin  to  appear,  and  thus  tip  through  the  variety  of  forms  to  the 
higher  and  higher  organisms,  until  fish  apjaear  in  their  waters  and  plants 
along  their  shore."  Experiments  in  aquaria  confirm  this  conclusion.  I 
would  refer  to  the  report  on  jDisiculture  of  James  B.  Ferguson,  Com- 
missioner of  the  United  States  at  the  Paris  Universal  Exposition  of  1878, 
on  the  value  of  the  alg(p.  He  says:  "  Oxygen  in  its  native  state,  result- 
ing from  the  respiration  of  vegetable,  and  especially  from  microscopic 
algce,  is  very  sohible  in  water.  Atmospheric  air  introduced  mechanically 
into  water  is  not  dissolved  there,  or  if  so  in  very  small  quantities."  He 
quotes  also  from  the  Superintendent  of  the  Aquarium  his  exj^eriments 
on  the  aeration  of  waters  supplied,  as  follows: 

"The  water  of  the  Vanne,  taken  almost  from  its  source,  contains 
consequently  little  air  and  no  organic  germs ;   hence,   although  very 
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useful  for  the  cleansing  and  purification  of  the  basins,  it  was  not  suit- 
able to  favor  the  rapid  development  of  a  cryptogamous  vegetation  upon 
the  sides  of  the  tanks.  I  substituted,  therefore,  the  waters  of  the  Seine, 
the  color  of  which  was,  at  that  time,  green  on  account  of  the  abun- 
dance of  microscopic  germs,  sporules  of  cdrja',  covferva,  and,  in  fact,  all 
those  vegetable  aquatics — for  the  most  part  microscopic — the  ijresence 
of  which  is  requisite  for  the  continuous  oxygenation  of  water  intended 
to  receive  fish.  In  truth,  upon  water,  as  well  as  upon  air,  has  been  im- 
posed tiiat  fi;reat  law  of  nature  which  counterbalances  and  equalizes  the 
animal  and  the  vegetable  kingdoms,  making  the  one  the  indispensable 
auxiliary  of  the  other. 

"  Fish,  as  well  as  animals  on  land,  absorb  oxygen  by  respiration,  and 
give  out  carbonic  acid,  the  quantity  of  which,  always  increasing  in  the 
place  which  they  inhabit,  would  not  fail  to  produce  asphyxia  if  the 
aquatic  vegetable  were  not  present  to  produce  a  chemically  inverse 
effect.  Under  the  influence  of  solar  radiation  the  green  immersed  par- 
ticles absorb  carbonic  acid,  decompose  it,  assimilate  the  carbon  and 
exhale  the  oxygen,  which  appears  upon  their  surfar;e  in  innumerable 
small  bubbles,  sujiplying  the  fish  with  the  respiratory  element,  renewed 
and  endowed  with  a  vital  action  so  much  the  more  efficacious  because 
just  brought  to  life,  and  possessing  a  solubility  much  greater  than  that 
of  oxygen  drawn  from  the  atmosphere. 

"  Perhajjs  there  is  even  a  formation  of  bioxide  of  hydrogen,  which 
would  explain  this  coefficient  of  solubility  as  being  so  much  greater 
than  that  admitted  l^y  chemists.  However  that  may  be,  for  me  the  fact 
is  now  incontestable  that  to  establish  in  an  aquarium  a  hygienic  medium 
suitable  for  the  life  of  aquatic  animals,  an  abundant  vegetation  must 
there  be  developed,  which  should  frequently  undergo  the  action  of  solar 
radiation." 

Most  successful  aquaria  are  constructed  with  what  may  be  termed 
closed  circuits,  not  drawing  water  from  an  exterior  supply,  except  to 
make  uj)  waste.  Water  is  used  over  again  and  again  by  aerating  it  in 
its  circulation.  Mr.  C.  B.  Brush,  M.  Am.  Soc.  C.  E.,  has  written  a 
paper  which  will  be  read  before  the  Society,  of  experiments  in  forcing 
air  into  water  by  means  of  air-pump  pressure  at  the  Hackensack  works, 
as  he  claims,  with  success. 

Whether  the  cucumber  taste  of  the  Croton  water  be  due  to  the  spon- 
gilla  lacuslrina  or  to  noslochonke,  it  seems  to  me  to  be  rather  due  to  the 
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■want  of  circulation,  and  the  decease  and  decay  of  some  organism  by 
which  the  balance  of  aquarial  life  has  not  been  projierly  kept  up.  The 
pabulum  has  failed,  and  perhaps  it  might  be  remedial  to  introduce  a 
little  sewage,  as  it  has  been  shown  by  analysis  that  the  sewage  at  Troy 
improves  the  water  of  the  Hudson,  and  that  the  water  supply  of  Albany 
is  better  than  that  above.  The  algcp  called  frogs'  spittle,  Biitrachos- 
pernia  moniliforma  (I  might  here  remark,  the  smaller  the  organism  the 
bigger  the  name),  will  always  be  found  in  the  purest  spring  water.  I 
am  pleased  to  see  them,  and  feel  moi'e  sure  of  the  purity  of  water  by  the 
presence  of  such  common  organisms  than  by  their  absence,  understand- 
ing that  within  the  microcosm  there  is  a  class  of  organism  which  de- 
pends on  the  usual  food  supplied  by  nature.  Disturbance  means  dis- 
ease, if  not  death.  Post  hoc  is  not  always  propter  hoc;  don't  at  once  ascribe 
disease  to  the  presence  of  an  orgauisin;  and  when  you  see  crows  or  buz- 
zards hovering  around  the  carcass  of  a  horse,  don't  come  to  the  conclu- 
sion that  they  have  killed  a  valuable  animal  and  shoot  the  crow  or  buz- 
zard. 

In  the  early  times  of  gold-mining  in  California,  hydraulic  mining 
was  the  rule;  but  with  the  increase  of  value  for  agricultural  jjurposes, 
the  disturbance  of  rivers,  and  the  covering  of  land  with  debris,  this  has 
been  found  very  objectionable,  and  water  has  taken  a  value  for  irriga- 
tion. But  with  irrigation  developments  the  necessity  of  defining  water- 
rights  has  become  indisiDensable,  and  a  law  was  passed  creating  the 
office  of  State  Engineer,  and  duties  were  assigned  opening  a  large  field 
of  inquiry  over  an  immense  territory.  The  field  of  work  is  in  the  nature 
of  a  physical  survey  of  the  State,  combined  with  certain  industrial,  so- 
cial, and  other  inquiries  of  a  broad  scope,  and  necessary  to  be  prose- 
cuted over  a  wide  field. 

The  first  part  of  the  report  has  now  come  out,  and  it  is  for  sale  by 
the  State  of  California.  "It  is  introductory  to  the  study  of  problems  of 
irrigation,  and  is  composed  of  a  series  of  studies  of  irrigation  develop- 
ment in  the  three  countries  of  France,  Italy,  and  Spain,  from  whose  ex- 
perience we  propose  to  learn  something  for  our  own  immediate  i^ur- 
poses."  We  have  referred  to  this  report  not  only  for  its  value  in  matters 
treated,  but  because  like  necessity  exists  in  all  our  States  to  define  the 
rights  of  water-users,  whether  for  power  or  town  supply;  the  drainage  of 
land  for  agricultural  purposes  and  sometimes  irrigation;  and  in  the  dis- 
charge of  polluted  matter  from  streams.     In  whom  does  the  title  to 
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water  lie  ?  Is  it  the  first  user  ?  Wlien  the  large  city  takes  the  entire 
flow  of  contiguous  rivers  and  streams,  whence  is  the  fast  increasing^ 
suburban  population  to  be  supplied,  and  once  taken  has  any  town  or 
city  the  right  to  deprive  others  of  this  by  waste  ?  In  1883  an  act  was 
introduced  into  the  New  Jersey  Legislature  to  provide  for  the  aj)point- 
ment  of  commissioners  to  determine  on  plans  for  the  storage  of  any  of 
the  waters  of  that  State  for  the  purpose  of  furnishing  to  cities  and  towns 
a  joint  water  supjily.  With  regard  to  this,  commissioners  were  aj^pointed 
and  a  small  amount  of  money  was  provided  for  expenses.  The  report 
was  made,  but  no  further  action  was  taken.  The  commission  is  still  in 
existence,  but  without  power  or  money.  In  1886  an  act  was  passed  by 
the  Commonwealth  of  Massachusetts,  requiring  from  the  Board  of  Health 
a  report  on  the  condition  and  means  for  protecting  inland  waters.  A 
reijort  has  been  made  under  this  act.  This  year  a  new  bill  was  intro- 
duced to  establish  a  Board  of  Water  Commissioners,  to  provide  for  the 
establishment  of  water  companies  and  the  general  supervision  of  drain- 
age connected  with  inland  waters.  Such  boards  are  necessary  in  every 
State,  not  only  to  define  the  uses  of  water  and  the  removal  of  waste 
within  the  limits  of  the  State,  but  also  there  are  interstate  rights,  and 
you  can  readily  understand  that  the  majority  of  such  boards  should  be 
hydraulic  engineers  and  with  such  powers  as  the  State  can  delegate. 

Steam  Engineeeing. 

In  1857,  Mr.  Charles  W.  Copeland  and  myself  made  the  first  exjjeri- 
ments  on  pumping  engines  at  Belleville,  N.  J.,  and  Hartford,  Conn. 
(Published  in  the  Brooklyn  Water  Works,  and  issued  by  the  City  of 
Brooklyn).  It  may  be  remarked  that  the  evajjoration  of  the  boilers, 
10  to  11  pounds  of  water  per  pound  of  coal  from  water  at  100  degrees, 
will  still  be  considered  a  very  fair  evaporation.  But  the  duty  per  100 
pounds  of  coal  was  55  000  000  to  62  000  000  on  the  Hartford  engine  and 
68  000  000  to  73  000  000  on  the  Cornish  engine  at  Belleville,  now  very 
much  below  the  duty  of  first-class  pumping  engines.  From  the  above 
experiments,  Mr.  James  P.  Kirkwood,  Past  President  Am.  Soc.  C.  E., 
felt  authorized  to  require  by  contract  for  the  first  Brooklyn  engine 
a  duty  of  60  000  000  pounds  feet  per  100  pounds  of  coal.  It  is  not 
now  unusual  to  require  100  ODO  000  pounds  feet,  or  one-horse  power 
for  a  little  less  than  two  pounds  of  coal  per  hour,  and  this  taken  on 
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the  water  end  of  the  macliiue.  First-class  pumping  engines  are  now 
invariably  compounded,  and  compounds  have  also  been  largely  intro- 
duced in  stationary  engines  and  with  largely  economic  results;  of  their 
exact  comparative  economy  we  need  more  tests. 

When  steam  was  first  introduced  for  the  heating  of  cotton-mills,  a 
boiler  was  placed  at  each  end  of  the  mill,  with  automatic  water- feed  by 
means  of  balance  stone  float.  Later  the  boilers  were  concentrated  within 
one  house  and  the  steam  distributed  through  ranges  of  immense  mills. 
The  original  steam-heating  pipes  were  cast-iron,  about  3  to  4  inches 
in  diameter,  and  suspended  from  the  ceiling;  later,  with  the  introduc- 
tion of  wrought-iron  pipe,  the  pipe  was  carried  around  the  walls  of  the 
mill  near  the  floor,  but  at  jn'esent  the  wrought-iron  steam-pipes  are  sus- 
pended from  the  ceiling.  In  mills  where  large  quantities  of  steam  are 
used  for  other  purposes  than  j)ower,  it  is  common  to  pass  the  steam 
through  a  steam  engine  for  power,  and  then  use  the  exhaust  for  drying, 
boiling,  and  heating.  In  1866  I  made  a  report  to  the  Merrimack  Manu- 
facturing Company,  of  Lowell,  on  the  economy  of  using  steam  first  for 
power  at  the  cotton-mills  and  afterwards  the  exhaust  for  their  print 
works  for  the  purposes  of  heating,  boiling,  etc.,  and  reported  on  the  ad- 
visalulity  of  passing  the  steam  through  engines  of  1  200  horse  ijower, 
and  using  the  exhaust  steam  afterwards  in  the  print  works,  wdth  a  back 
pressure  of  about  six  pounds,  and  that  the  amount  of  coal  i3roperly 
chargeable  to  power  in  this  case  would  not  exceed  one  pound  of  coal  per 
horse  power  per  hour.  It  was  a  success,  and  of  its  present  extent  the 
superintendent  of  the  works  writes  me  as  follows:  "We  have  only  one 
pair  (34  by  72)  condensing  engines  on  our  premises;  all  the  others  (some- 
thing over  100  cylinders)  exhaust  into  a  system  of  mains,  from  which 
we  draw  all  the  heat  w^e  require.  What  we  do  not  require  for  heat  we 
take  into  the  condensing  cylinders  before  mentioned,  and  reconvert 
into  power."  Some  time  since  there  was  a  boom  in  the  steam-heating  of 
towns  and  cities  from  central  stations,  and  many  plants  were  constructed 
many  of  which  have  gone  out.  There  are  still  two  in  New  York 
City,  one  of  moderate  size,  comjoaring  fairly  well  in  extent  with  that  of 
a  large  cotton-mill  plant;  the  other  is  very  large  and  is  still  increasing- 
its  distribution.     This  result  seems  to  argue  the  survival  of  the  fittest. 

EAIIiROADS. 

There  has  been  substantial  progress  in  the  extension  of  railroads,  ia 
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the  construction  of  new  roads,  and  doubling  and  quadrupling  the  old 
ones.  The  estimation  of  construction  for  the  year  is  10  000  miles.  The 
combined  locomotive  has  been  tested  in  Europe,  but  not  sufficiently  to 
aiford  a  fair  test  of  its  practical  value,  and  has  not  been  put  in  operation 
here.  The  public  has  been  greatly  exercised  by  numerous  accidents  in 
the  de(struction  of  cars  and  passengers  by  fire,  and  our  legislators  have 
called  for  a  safer  means  of  heating  and  lighting  than  at  present  in  use; 
in  New  York  one  year  is  given  for  the  change.  The  two  great  questions 
of  automatic  freight-train  brakes  and  automatic  freight-car  couplers  have 
made  great  jirogress  during  the  j^ast  year.  The  freight-brake  tests  which 
"were  made  at  Burlington,  Iowa,  in  July  of  last  year,  have  been  supple- 
mented by  a  second  series  this  year,  the  two  series  together  being  by  far 
the  most  comi^lete  tests  of  the  kind  which  have  ever  been  made.  The 
results  demonstrated  that  only  air  brakes  are  adapted  to  the  require- 
ments. The  prominent  part  of  this  year's  tests  was  that  taken  by  elec- 
tricity as  au  actuating  agent  for  applying  the  brakes,  with  results 
showing  great  benefit  from  its  use,  both  in  quickness  of  stop  and  in 
avoiding  the  dangerous  shocks  which  result  from  quick  stops  with  long 
trains.  The  electric  aiDplication  being  absolutely  simultaneous  through- 
out the  train,  no  shock  whatever  results.  The  occasional  failures  of  the 
electric  apparatus  during  the  test  indicated  that  further  improvements 
are  still  needed,  but  as  electricity  simply  supplements  the  air,  which 
acts  as  usual  in  case  of  an  electric  failure,  the  jirobability  seems  strong 
that  such  electric  apjilication  will  be  a  feature  of  the  train-brake  of  the 
future,  while  a  percentage  of  efficiency  was  shown  in  this  year's  test, 
much  greater  than  was  ever  shown  before.  As  a  safeguard  for  human 
life,  rapid  progress  has  been  made  toward  the  introduction  of  automatic 
freight-car  couplers.  The  Burlington  brake  tests  of  this  year  and  last 
show  that  it  was  on  the  whole  decidedly  beneficial  to  eliminate  loose 
slack  between  trains  which  has  tended  to  exclude  couplings  of  the  link 
and  pin  type,  and  the  final  stej)  has  now  been  taken  by  the  formal  adop- 
tion by  the  Master  Car  Builders'  Association  of  the  Janney  hook  coupler 
and  others  of  the  same  type  coupling  with  it  as  standards  of  the  associa- 
tion, by  a  vote  of  33  to  14. 


Street  Railways. 
The  entire  service  of  street  railways  was  for  many  years  by  the  means 
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of  horses,  and  we  quote  as  to  the  cost  of  working  the  following  returns 
taken  from  the  sixteenth  annual  report  of  the  Massachusetts  Board  of 
Kailroad  Commissioners:  Highland,  Lynn  and  Boston,  Metropolitan, 
Middlesex,  and  South  Boston;  number  of  horses  owned,  6  158;  number 
of  miles  run,  11  287  196;  number  of  passengers  carried,  68  196  776;  aver- 
age number  of  passengers  carried  per  round  trij),  43.4. 

From  the  above  it  appears  that  the  stable  average  daily  distance 
traveled  by  the  above  horses  equals  10.04  miles. 

The  average  number  of  passengers  per  round  trip  being  43.4,  per 
single  trip  equals  21.7.  Averaging  them  at  140  pounds,  equals  3  038 
pounds.     Add  weight  of  car,  4  800  pounds,  equals  7  838  pounds. 

With  the  great  extension  of  street  roads  there  have  been  found  great 
inconveniences  in  this  horse  service,  not  only  in  the  cost,  but  in  the  loca- 
tion of  immense  stables  within  populous  neighborhoods.  The  usual 
traction  force  has  been  reckoned  to  be  about  -i\  per  cent,  in  movement, 
and  from  6  to  7  per  cent,  in  starting  on  level  grades.  This  will  afford  us 
a  means  of  comparison  between  different  forms  of  motors. 

Although  the  cable  was  used  on  the  London  and  Blackwall  Eail- 
road  for  many  years  and  for  heavy  trains,  it  was  superseded  by  the  loco- 
motive, but  it  has  of  late  years  been  revived  in  this  country  for  the  dis- 
tribution of  city  travel  and  with  great  success. 

Chicago  has  20  i  miles  of  cable  road  in  operation  and  22  under  con- 
struction; Cincinnati,  8  miles^  Kansas  City,  4  miles  in  operation  and  30 
under  construction;  New  York  City,  10|  in  oj^eration;  Philadelphia,  18 
miles;  St.  Louis,  6  miles;  San  Francisco,  33^  miles  now  in  use;  Mel- 
bourne, Victoria,  has  several  miles;  London,  3  miles;  and  four  years  ago 
a  road  was  built  in  New  Zealand.  The  first  cable  road  in  San  Francisco 
was  opened  in  1873.  This  was  the  famous  "Clay  Street  Hill  Cable 
Koad,"  where  the  grades  were  so  steep  that  property  was  almost  value- 
less. The  cables  had  no  trouble  with  the  grades,  17  feet  in  100,  where 
horse  power  was  useless,  and  the  road  was  an  immediate  success. 

Mr.  W.  H.  Paine,  M.  Am.  Soc.  C.  E. ,  has  furnished  me  with  the  fol- 
lowing facts  in  regard  to  the  cable  on  the  Brooklyn  Bridge,  which  he  laid: 
"The  practicability  of  apji lying  cables  to  the  hauling  of  large  heavy 
passenger  cars  in  trains  at  considerable  s^Dced  with  shorter  headway, 
greater  regularity  and  less  danger  from  accident  than  any  other  method 
known,  is  here  demonstrated. 
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"  The  durability  of  the  cable,  and  of  the  grips  and  dies  has  been  here 
80  great  as  to  remove  a  most  serious  obstacle  to  cable  tractiou. 
Sliced  of  cable,  10  miles  per  hour. 
Length  of  cable,  11  000  feet. 
Size  of  cable,  li  inches  in  diameter. 
Weight,  3^  pounds  per  lineal  foot. 

"  The  first  cable  was  taken  out  last  November,  after  having  been  in 
use  three  years  and  41  days,  having  hauled  1  675  790  cars,  48  108  567 
passengers,  or  22  196  436  tons.  The  heaviest  cars  weigh  16  tons  when 
empty,  the  heaviest  load  of  jiassengers  about  ten  tons.  The  lightest  cars 
weigh  11  tons  when  empty.  Three  cars  are  now  hauled  in  one  train. 
Shortest  headway  about  1^  minutes.  More  than  100  000  passengers 
have  been  carried  in  one  day.  The  grips  will  last  for  years  with  few  re- 
l^airs.  The  dies  or  lining  of  the  grips  last  more  than  four  months,  some- 
times exceeding  five  months.  The  speed  of  the  cable,  which  is  10 
miles  per  hour,  could  be  increased,  but  without  increasing  the  carrying 
capacity  of  the  road. " 

Electeic  Eatlways 

for  street  passenger  traffic  seem  uoav  to  be  a  fixed  fact.  In  Europe  elec- 
tric street  railways  are  now  carrying  at  the  rate  of  3  000  000  annually, 
and  probably  a  little  in  excess  of  that  number  here,  and  they  are  extend- 
ing. The  first  built  was  in  Berlin,  Germany,  1881,  li  miles  in  length. 
In  this  country  they  date  from  1885.  The  following  are  the  places 
in  which  they  are  established  :  Baltimore,  Md. ;  Los  Angeles,  Cal. ; 
Port  Huron,  Mich.;  Windsor,  Canada;  Detroit,  Mich.;  Appleton,  Wis.; 
Scranton,  Pa. ;  Denver,  Colo. ;  Montgomery,  Ala.  In  all  but  one  of 
these  the  dynamo  is  driven  by  a  steam  engine,  but  in  Apjileton,  Wis. , 
there  is  a  road  of  4^^  miles  where  water  power  is  used.  You  may  recol- 
lect that  an  eminent  divine  once  remarked  as  an  evidence  of  design  in  the 
works  of  the  Creator,  that  great  rivers  were  placed  near  great  cities.  It 
were  fortunate  for  the  purpose  of  lighting  and  heating  if  great  water- 
powers  were  placed  in  the  vicinity  of  large,  populous  districts.  It  has 
not  yet  been  sufficiently  decided  how  far  power  can  be  carried  by  means 
of  electricity,  nor  the  size  of  the  conductor  and  the  loss  in  conducting  it. 
With  the  short  roads  now  in  operation  it  has  been  said  that  the  percent  - 
age  of  effect  on  the  car  is  50  to  55  per  cent,  that  of  the   steam   engine 
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providing  the  j^ower.     In  this  respect  it  is  superior  to  the  cable,  which 
is  fast  superseding  horses. 

Few  of  the  present  engineers  recollect  the  experiment  of  the  old  at- 
mospheric railway  of  Samiida,  which  ran  from  Dublin  to  Kingston, 
about  1^  miles,  successfully  for  many  years;  and.  was  later  tried  in  a 
larger  way  from  London  to  Croydon  and  from  Paris  to  St.  Germain.  It 
failed  and  was  superseded  by  the  locomotive.  It  may  be  that  for  a  mod- 
erate distance  the  atmospheric  road  may  become  practicable,  but  for  the 
l^resent  our  hopes  of  a  successful  motor, esijecially  for  city  and  town  roads, 
are  based  on  electricity.  So  much  attention  at  least  has  been  directed,  to 
this  subject,  not  only  with  reference  to  power,  but  to  light  and  heating, 
that  a  new  branch  of  engineering  has  sprung  w]}  and.  has  inaugurated 
itself  into  a  society  like  our  own  as  the  American  Institute  of  Electrical 
Engineers.  From  our  knowledge  of  them  and  their  claims  I  feel  satis- 
fled  that  they  are  to  be  a  worthy  branch  of  engineers.  In  our  own 
country  capitalization  in  electrical  districts,  telegraphic,  telephonic, 
electric  lighting,  and  electric  power,  amounts  to  a  sum  of  at  least 
^350  000  000.  There  are  in  America  about  700  000  miles  of  telegraphic 
wire;  last  year  32  000  000  conversations  were  held  on  the  telephone; 
there  are  ever  150  000  arc  lamps,  and  incandescents  verging  on  a  mil- 
lion; and  at  least  15  000  electric  motors  for  fans  and  sewing  machines. 

Beidges. 

The  first  Howe  truss  was  built  across  the  Connecticut  Eiver,  at 
Springfield,  Mass.,  in  1840.  It  was  a  wooden  bridge  with  double  inter- 
sections. Smaller  bridges  had  been  built  in  the  same  line  of  road,  but 
this  was  a  very  important  bridge  at  the  time.  Howe  was  a  carj^enter 
and  the  bridge  was  designed  by  average  judgment,  and  the  construction 
of  one  bridge  made  the  precedent  for  another.  Engineering  science  was 
not  then  applied  to  the  calculating  of  stresses.  Undue  confidence  in 
the  form  of  truss,  and  the  successful  construction  of  many  bridges  in 
wood  led  to  the  Ashtabula  accident.  The  strong  desire  for  the  construc- 
tion of  iron  bridges  at  minimum  cost,  and  the  high  price  of  iron,  led  to 
the  construction  of  weak  designs  of  this  material,  and  postponed  its 
adoption  for  many  years.  With  the  reduction  of  the  price  of  iron,  and 
a  better  understanding  of  the  principles  of  construction,  iron  bridges 
liave  almost  entirely  superseded  the  wooden  ones. 

The  forms  have  been  calculated  and  tested  by  years  of  practical  use. 
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and  they  are  furnished  by  engineering  bridge  companies  in  lengths  tO' 
suit,  and  guaranteed  to  resist  the  stresses  required.  The  finding  of  the 
jury  in  the  Bussey  Bridge  disaster  on  the  Boston  and  Providence  Rail- 
road, is  acknowledged  to  have  been  just,  but  this  is  not  likely  to  occur 
with  bridges  as  at  present  furnished,  and  subjected  to  careful  inspection 
on  the  part  of  railroads.  The  limit  of  span  has  not  yet  been  reached, 
nor  perhaps  the  admissible  height  of  skeleton  jjiers,  nor  any  form  of 
truss  or  suspension  established  as  the  best.  Cantilevers,  from  the  ease 
of  their  erection  without  false-works,  are  largely  used,  but  aesthetically 
in  form  they  do  not  compare  with  the  arch;  yet  extended  use  and  knowl- 
edge of  their  "fitness  for  function  "  will  soon  reconcile  one  to  the  form. 

Gas  Engineering. 

Much  has  been  done  by  improvements  in  mechanics  and  chemistry 
to  increase  the  production  of  gas  and  reduce  its  cost.  Water-gas  is 
largely  manufactured,  and  its  uses  extended  in  forging  and  weld- 
ing. It  is  to  be  hoped  that  it  may  be  distributed  by  mains  through- 
out cities  for  the  purposes  of  heating  buildings  and  cooking.  And  al- 
though from  experiment  it  has  been  demonstrated  that  water-gas  has  but 
65  per  cent,  of  the  thermic  value  of  the  coal  from  which  it  is  manufac- 
tured, yet  when  the  cartage  and  the  storage  of  coal  is  taken  into  ac- 
count, together  with  the  curtailing  of  the  hours  of  consumption  by  gas 
to  the  time  necessary  for  the  purpose,  and  the  economy  in  the  applica- 
tion of  gas,  there  seems  to  be  a  fair  presumption  that,  sooner  or  later, 
water-gas  will  be  used  for  heating  and  cooking.  In  fact,  from  the  great 
waste  of  heat  in  lighting  by  gas,  and  its  cost,  there  perhaps  might  be 
some  economy  in  converting  the  heat  of  water-gas  into  power  through 
an  engine,  and  into  light  by  a  dynamo,  rather  than  directly  by  carbu- 
retted  hydrogen  into  light. 

Sanitary  Engineering. 

Of  late  years  this  branch  of  the  profession  has  been  recognized.  It 
embraces  the  construction  of  sewers,  the  removal  of  sewage  and  itsjiuri- 
ficatiou,  or  rather  offense  from  it,  and  the  ijlumbiug  and  heating  and 
ventilation  of  houses.  The  construction  of  sewers  has  long  belonged  to 
the  dei^artment  of  hydraulic  engineering,  sometimes  by  the  combined 
and  sometimes  by  the  separate  system,  the  general  aim  being  to  remove 
sewage  speedily  from  the  town  or  city,  and  to  points  remote  from  settled 
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neighborhoods,  aucl,  if  possible,  discharge  it  into  a  large  body  of  flowing 
water.  Of  the  offense  in  the  matter  of  smell  from  sewage  there  is  no 
doubt;  but  that  it  is  so  dangerous  to  life  and  detrimental  to  health  as 
is  often  claimed,  I  have  just  doubt  from  a  large  experience  and  from 
evidence  of  experts  before  court. 

^  I  have  said  in  the  earlier  part  of  my  address  that  the  engineer  is  born, 
like  the  poet,  sculptor,  painter  or  any  other  artist,  but  that  he  is  cradled 
on  palj)able  material  and  nursed  on  facts,  not  metaphysical  ideas,  of  "  I 
think,  therefore,  I  am,"  or  even  the  syllogism  of  the  second  order  of 
difference,  "I  think  I  think,  therefore  I  think  I  am;"  but  "I  am  an  en- 
gineer, and  must  think  and  work."  It  is  not  necessary  for  him  that  he 
should  believe  either  in  the  corpuscular  or  the  wave  theory  of  light, 
in  the  atom  whose  weight  is  1,  the  first  digit  in  the  22d  place  of  deci- 
mals of  a  gram,  that  pressure  is  due  to  the  immense  velocity  of 
atoms  in  motion,  or  that  even  bodies  fall  by  attraction  of  gravitation  or 
by  some  later  discovered  force.  If  these  present  theories  enable  him  to 
recollect  facts,  they  serve  their  purpose.  It  is  sufficient  for  the  engineer 
to  know  the  laws  of  force  to  be  able  to  resist  or  use  them;  v^=gt  or 
v'^  ^2gs  supi)liGs  him  with  the  laws  of  gravitation  even  if  he  cannot  un- 
derstand the  why. 

The  works  of  the  engineer  involve  higher  responsibilities  than  any 
other  profession;  he  is  to  build,  suitably,  with  materials  at  his  disposal, 
solidly  and  securely  for  the  prevention  of  accidents  and  for  the  protec- 
tion of  life,  and  economically  in  cost.  He  is  to  draw  from  his  own  and 
the  experience  of  others,  but  he  should  not  try  exjaeriments  at  another's 
cost  without  a  full  understanding  with  the  parties  employing  him. 

As  an  expert  he  must  testify  to  facts,  and  the  party  who  retains  him 
must  accept  his  facts,  as  they  may  be  brought  out  in  evidence,  whether 
they  are  for  or  against  them.  It  were  better  that  the  expert  were  at- 
tached to  the  court  and  not  retained  by  either  plaintiff  or  defendant. 
The  construction  of  the  law  depends  on  the  ruling  of  the  judge.  The 
value  of  the  facts,  from  his  jsoint  of  view,  should  be  settled  by  the  engi- 
neer. As  an  umpire  between  the  capitalist  and  contractor  his  decision 
should  be  impartial,  and  if,  by  his  own  error,  either  party  has  been  put 
to  an  unnecessary  expense,  acknowledge  the  fault,  and,  as  far  as  possi- 
ble, remedy  it,  but  where  such  resjjonsibility  is  taken,  the  jsrice  should 
be  commensurate. 

From  the  position  of  the  engineer  as  umpire  between  the  capitalist 
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and  contractor,  and  his  large  employment  and  familiar  intercourse  with 
mechanics  and  laborers,  he  would  naturally  be  the  proper  party  to  ad- 
judicate  in  disputes  between  labor  and  employer,  and  perhaps  it  would 
be  so  were  the  present  troubles  between  labor  and  capital.     But  the 
strife  is  to  see  whether  labor  cannot  support  another  class:   chapters, 
presidents,  oificers,  walking  delegates  and  the  like.    These  troubles  come 
up  in  every  country  and  in  every  age;  they  are  like  the  measles,  whoop- 
ing cough,  fever,  cholera,  in  the  microcosm.      Ours,  at  present,  is  an 
imported  disease;  the  diagnosis  of  the  suppression  of  the  individual,  of 
boycott,  etc.,  are  entirely  un-American.     It  is  not  our  own  labor,  but 
the  imi^orted  labor  that  is  striving,  not  for  a  chance  for  labor,  but  rather 
for  a  life  without  labor.     There  is  no  country  in  the  world  where  labor 
is  so  well  paid,  well  clothed,   well  fed,  and  well   housed.     We  have 
taken  in  an  immense  immigration,  and  still  are,  and  have  endeavored, 
by  making  them  citizens,  to  assimilate  them  rapidly  into  our  body  cor- 
porate.    This  should  be  a  question  of  time.      It  is  a  common  phrase  to 
say  one  has  bitten  off  more  than  he  can  chew.     How  much  more  sad  our 
case  when  we  have  swallowed  more  than  we  can  digest!     The  great  pana- 
cea seems  to  be  land;  some  of  us  have  worked  land,  and  think  if  land 
were  given  to  us  instead  of  bread  it  would  be  the  gift  of  a  stone,  but  if 
properly  aj)plied  it  might  relieve  our  present  labor  trouble.     Let  every 
immigrant  be  sent  at  once  into  the  country  and  furnished  a  cabin  and  ten 
acres  of  land,  without  tax,  as  there  is  to  be  hereafter  no  title  to  laud, 
and  supi:)ort  himself  and  family  ten  years  on  the  land.     At  the  end  of 
that  time  the  majority  would  prefer  the  work  and  Avages  of  a  day  laborer, 
especially  in  the  city,  and  all  woiild  be  better  citizens.     Syndicates  of 
labor  are  as  proper  organizations  as  syndicates  of  capital  or  of  employ- 
ers, and  syndicates  can  only  be  met  by  syndicates.     Properly  organized, 
they  are  not  expensive  and  are  efficient;  but  individuals  should  have 
perfect  freedom  to  do  as  they  i^lease  with  their  labor  or  cai^ital   withiu 
the  limits  of  law.  and  must  be  i^rotected  by  law  and  a  healthy  public 
sentiment. 
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The  Secretary  has  furnished  the  following  statement  of  the  present 
(June  22)  membership  of  the  Society : 

ReBident.    Non-Resldent,    Total. 

Honorary  Members 3  5  8 

Corresijonding  Members 3  3 

Members 161  632  793   .. . 

Associates 11  34  45   . . . 

Juniors 28  92  120  958 

203          766 
Total 969 

« 

Fellows,  64,    of  whom  6  members  are  included 

above,  leaving 58 

Subscribers  to  the  Building  Fund,  140,  of  whom 
90  ai*e  entered  in  one  or  other  of  the  above 
classes,  and  11  deceased,  leaving 39 

Total  now  connected  with  the  Society ....  1 066 

"Whence  are  we  to  draw  our  future  membership  to  maintain  the  ranks 
of  our  Society?  In  answer,  a  distinguished  professor  and  engineer  has 
kindly  furnished  me  the  following  statistics: 

"There  are  in  the  United  States  360  colleges  and  universities,  which, 
besides  classical  and  other  courses,  teach  technology,  and  have  given 
diplomas  on  technical  professional  subjects  to  1  058  graduates.  There 
are  besides  49  schools,  working  under  the  'Land  Grant,'  with  593 
teachers  and  4  644  students,  of  whom  about  600  were  technical  graduates. 
In  addition  to  these  there  are  39  private  technical  institutions  with 
nearly  300  teachers  and  over  7  000  students,  800  of  whom  received  tech- 
nical diplomas.  Statistics  of  this  kind  are  very  difficult  to  obtain,  but 
it  may  be  said  that  our  higher  schools  of  science  turn  out  about  2  500 
men  per  year,  and  of  these  about  seven  per  cent,  are  engineers." 

It  becomes  us,  who  are  conversant  with  the  needs  of  our  profession, 
to  advise  that  before  entering  our  technological  institutes,  students 
shoiild  have  a  good  school  training,  such  as  is  required  in  entering  class- 
ical universities,  and  that  within  the  institutes  they  shall  know  not  only 
what  to  learn,  but  also  how  to  learn.  Then  in  their  outer  world  prog- 
ress they  may  know  how  to  accumulate  knowledge  useful  to  them- 
selves in  their  profession,  and  reciprocate  for  the  information  and 
pleasure  of  those  with  whom  they  are  thrown  in  contact. 
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In  the  earlier  part  of  my  address  I  claimed  for  tlie  origin  of  our  name. 
Engineer,  Ze^en/e— genius;  but  genius,  inborn,  is  derived  from  the  Greek 
gune,  woman,  and  I  trust  that  there  is  no  profession  which  has  a  higher 
respect  or  greater  love  for  that  name  than  our  profession,  whether  as 
mother,  sister,  wife,  or  companion  in  the  halcyon  days  of  youth,  or,  in 
maturer  years,  our  origin,  protection,  comfort,  and  inspiration.  We 
trust  that  they  will  always  attend  our  annual  outings,  intended  not  only 
for  interchange  of  views  in  matters  of  our  profession,  but  also  as  a  relief 
from  business,  a  union  for  the  establishment  of  a  more  general  acquaint- 
ance, and  cementing  the  bonds  between  the  members  of  the  American 
Society  of  Civil  Engineers. 
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INSTITUTED     1852. 


Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced  in 

any  of  its  publications. 
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ON  THE  CALCULATION  OF  THE  STEESSES  IN 
BEIDGES  FOR  THE  ACTUAL  CON- 
CENTRATED LOADS. 


By  Geokge  Fillmoke  Swain,  Assoc.  Am.  Soc.  C.  E. 
Bead  May  4:TH,  1887. 


The  actual  loads  to  which  railroad  bridges,  and,  in  a  lesser  degree, 
street  bridges,  are  exposed,  consist  of  a  series  of  concentrated  loads. 
Therefore  the  most  accurate  method  of  calculating  the  stresses  in  such 
structures  would  be  to  take  the  assumed  or  prescribed  system  of  actual 
loads,  find  its  position  on  the  structure  necessary  to  cause  the  maximum 
stress  in  any  particular  member,  and  determine  in  this  way  the  maxi- 
mum stress  in  each  piece.  Up  to  within  about  ten  years  this  method 
was  rarely  followed,  the  usual  method  (except  for  the  floor  system) 
having  been  to  assume  a  uniform  load  over  the  entire  length  covered  by 
the  engines  and  train;  or,  better,  such  a  uniform  load  with  the  addition 
of  concentrated  loads  over  the  drivers  or  at  the  head  of  the  train,  con- 
stituting the  so-called  locomotive  excess.  And  it  seems  to  the  writer 
that  this  method  is  as  accurate  as  any,  while  much  more  simple  than 
that  which  deijends  upon  the  actual  loads;  for,  in  the  first  place,  the 
weights  of  loaded  cars  have  of  late  years  so  increased  as  to  at  present  al- 
most equal  the  heaviest  engine  loads,  Avhile  the  weights  and  dimensions  of 
engines  themselves  are  continually  changing,  so  that,  by  assuming  the 
load  to  consist  of  the  concentrated  loads  of  two  particular  engines  followed 
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by  a  uniform  train  load,  we  are  in  reality,  so  far  as  the  actual  service  of 
the  bridge  in  question  is  concerned,  assuming  a  system  of  loading  almost 
as  fictitious  as  a  uniform  load  with  locomotive  excess  would  be.  Never- 
theless, many  of  the  latest  and  best  specifications  require  the  use  of  the 
actual  loads  for  engines  and  tenders,  followed  by  a  uniform  train  load, 
and  this  method  seems  destined  to  be  for  some  time  a  favorite  one.  It 
therefore  becomes  necessary  to  investigate  the  stresses  due  to  systems  of 
actual  loads,  and  the  object  of  this  j)aper  is  to  give  a  discussion  of  the 
simi^lest  methods  of  finding  such  stresses,  with  the  corresponding  posi- 
tions of  the  system  of  loads.  For  the  sake  of  completeness  some 
methods  Avill  be  given  which  are  well  known  to  bridge  engineers,  while 
others  will  be  explained  which  it  is  believed  will  be  found  new 
to  the  profession  in  this  country,  and  some  which  are  original  with 
the  writer.  It  seems  to  be  the  belief  of  many  that  it  is  very  much  more 
difficult  to  calculate  with  the  actual  loads  than  with  the  locomotive 
excess;  a  belief  which  the  writer  hopes  he  may  show  to  be  erroneous  in 
a  great  many  cases.  Considerable  misconception,  moreover,  aj^pears  to 
still  exist  with  regard  to  the  exact  position  of  the  loads  causing  maxi- 
mum stresses  in  different  members,  notwithstanding  the  fact  that  it 
requires  in  most  cases  but  a  very  few  moments  to  determine  exactly  the 
l^roper  i^osition  required,  even  in  the  case  of  some  structures  which  may 
in  general  be  called  complicated,  like  arches  and  cantilevers. 

The  writer  is  not  acquainted  with  any  systematic  and  comjilete 
treatment  of  this  subject  in  English,  and  he  therefore  offers  this  paper 
with  the  hope  of  in  some  measure  supplying  this  deficiency. 

Commencing  then  with  simj^le  cases,  let  us  proceed  to  consider 
moments  and  shears. 

I.    Maximum  Moment  at  Any  Point  on  a  Beam. 
A.    Without  Floor-Beams. 

Considering  the  beam  ^  i?in  Fig.  1,  Plate  I,  suppose  we  wish  to  find 
the  maximum  moment  at  any  point  c,  situated  at  a  distance  x  from  the 
left  abutment.  Let  the  loads  on  the  bridge  be  as  represented,  G-^,  being^ 
the  resultant  of  all  the  loads  to  the  right  of  c,  and  G^  that  of  all  the  loads 
to  the  left,  (ti  acting  at  a  distance  ui  from  the  right  abutment,  and  G^ 
at  a  distance  n^  from  the  left  abutment.     Then  the  moment  at  c  is 

M=G,^+G^^^^  (1) 
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If  now  the  entire  system  of  loads  be  moved  a  distance  A  ^'O  the  left, 
the  moment  at  C  becomes 

L  V 

and  M'  is  greater  than  M  if 

G'l.'-O  G,{l—x) 
or  if 

^^     >  -^  (3) 


/3  C 

But   ^ — ^  is  the  average  load  i)er  running  foot  to  the  right  of  c,  and  — - 
I —  X  ^ 

is  the  average  load  per  running  foot  to  the  left  of  c.     Hence  the  rule: 

If  the  average  load  per  running  foot  to  the  right  of  the  section  is 

greater  than  the  average  load  per  running  foot  to  the  left  of  the  section, 

then  the  moment  at  the  section  will  be  increased  by  moving  the  system 

of  loads   to  the  left,   and   vice   versa.     In  other  words,  the  maximum 

moment  at  any  given  point  will  occur  when  the  average  loads  to  the 

right  and  left  are  as  nearly  equal  as  possible.     But  with  concentrated 

loads  we  shall  be  able  only  in  exceptional  cases  to  make  the  average 

loads  on  either  side  absolutely  equal.     We  shall,  however,  always  be 

able  to  place  the  loads  so  upon  the  bridge  that  with  some  jjarticular 

load  an  infinitely  small  distance  to  the  right  of  the  section  in  question 

the  average  load  to  the  right  shall  be  greater  than  that  to  the  left 

(thus  showing  that  the  loads  should  be  moved  to  the  left),  while  for  the 

same  load  an  infinitely  small  distance  to  the  left  of  the  section   the 

average  load  to  the  left  shall  be  the  larger  (thus  showing  that  the  loads 

should  be  moved  to  the  right).     From  this  it  will  follow  that  the  load 

in  question  should  be  at  the  section ;  and  from  which  it  also  follows  that 

for  the  maximum  moment  at  any  section,  some  load  must  be  at  that 

section. 

Suppose  that  with  some  load  P    just  to  the  right  of  the  section,  we 

find  the  average  load  to  the  right  larger  than  that  to  the  left;  we  then 

move  P  just  to  the  left  of  the  section,  and  if  now  the  average  load  to 

the  right  is  still  greater  than  that  to  the  left,  we  then  move  the  next 

load  P     ,  ,  up  until  it  is  iust  to  the  left  of  the  section,  and  repeat  the 

trial,  regardless  whether,  during  the  operation,  new  loads  come  upon 

the  bridge  to  the  right,  or  leave  it  at  the  left.     For,  when  P^  is  just  to 

the  left  of  the  section  we  move  to  the  left,  because  the  average  load 
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to  the  right  is  greater  than  that  to  the  left;  and  if,  in  moving  the 
loads  to  the  left,  additional  loads  come  upon  the  bridge  at  the  right, 
then  the  average  load  to  the  right  is  so  much  larger  still,  and,  a  fortiori 
we  must  continue  to  move  to  the  left.  The  same  form  of  argument  ap- 
plies when  loads  leave  the  bridge  to  the  left. 

This  method  will  not  give,  of  course,  with  absolute  certainty  the 
position  of  loading  causing  maximum  moments;  for  it  sometimes  hap- 
pens that  two  or  more  dififerent  loadings  will  be  found  which  will  satisfy 
the  condition  just  explained,  and  to  find  which  of  these  gives  the  abso- 
lute maximum  moment,  each  must  be  worked  out  numerically.  By  re- 
membering, however,  that  to  produce  the  maximum  moment  at  any 
point,  the  heaviest  loads  must  be  as  near  that  point  as  possible,  the 
cases  in  which  trial  is  necessary  will  be  greatly  reduced  in  number. 

B.    Willi  Floor-Beams. 

In  the  case  of  truss  bridges  it  is  only  necessary  to  find  the  moments 
at  the  joints,  but  at  some  of  these  there  may  be  floor-beams,  and  at 
others  there  may  be  none.  It  is,  however,  rarely  necessary  to  consider 
the  floor-beams  at  all,  for  the  reason  that,  as  is  well  known,  the  moment 
at  the  floor-beams  is  precisely  the  same  whether  floor-beams  be  supposed 
to  exist  or  not,  while  at  points  between  the  floor-beams  the  actual  mo- 
ment (when  floor-beams  exist)  is  slightly  less  than  the  moment  which 
would  exist  were  there  no  floor-beams.  It  is  therefore  in  almost  all 
cases  sufiicient  to  calculate  as  though  there  were  no  floor -beams  at  all, 
but  as  if  the  loads  were  applied  directly  to  the  girders.  Methods  will  be 
soon  explained,  however,  by  which  the  eff'ect  of  floor-beams  at  interme- 
diate points  may  be  considered  if  desired. 

II.    Maxijium  Shear  at  any  Point  on  a  Beam. 
A.   No  Floor-Beams. 

Sui)pose  that  we  desire  to  find  the  maximum  positive  shear  at  any 
point  c  of  abeam  (Fig.  2,  Plate  I).  It  is  well  known  that  for  the  maximum 
positive  shear  the  portion  c  B  oi  the  beam  must  be  loaded,  and  that  as 
a  train  comes  on  the  bridge  from  the  right,  the  sliear  at  c  will  increase 
at  any  rate  until  the  first  wheel  reaches  c.  If  the  first  wheel  passes  c 
the  shear  suddenly  diminishes  by  the  amount  of  the  load  P^,  but  if  the 
train  move  still  farther  to  the  left  it  will  increase  again  until  /*.,  reaches 
c.     The  question  now  is:  Will  the  shear  be  greater  when  Po  is  at  c  than 
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when  Pi  is  at  c?  This  question  is  easily  answered:  Let  R  be  the  result- 
ant or  sum  of  all  the  loads  on  the  bridge  when  Pi  is  at  c,  then  the  shear 

at  c  is  the  left-hand  reaction  R^  or  R  --     If  now  the  train  be  moved  a 

distance  Oj  to  the  left,  so  that  P.^  is  just  to  the  right  of  c,  the  shear  will 

be  R  '  '  — Py  plus  some  additional  small  quantity  d,  which  is  the 
left-hand  reaction  due  to  any  additional  loads  which  may  have  come  on 
the  bridge  during  this  advance  of  the  train.  The  shear  will  therefore 
be  increased  by  moving  ujd  Pn,  provided 

R^^iiyp^  (4) 

or  (since  we  can  almost  always  neglect  d),  provided 

It  is  only  necessary  to  consider  d  when  these  two  terms  are  very  nearly 
equal,  which  does  not  very  often  occur. 

Similarly,  the  shear  would  be  increased  still  further  by  moving  P3 
up  to  c,  provided 


a 


R^-f>  P2  (5) 

Ri  being  the  sum  of  the  loads  on  the  span  when  P2  is  at  c. 

B.    With  Floor-Beams. 

Let  the  distance  between  floor-beams  (Fig.  3)  be  called  p.  Then 
since  the  shear  at  any  section  c  is  equal  to  Ri  minus  all  the  loads  to  the 
left  of  c,  and  since  no  loads  act  on  the  main  girder  except  through  the 
floor-beams,  it  follows  that  the  shear  between  any  two  adjacent  floor- 
beams  is  constant.  The  question  therefore  is  to  find  the  maximum 
positive  shear  in  any  panel,  such  as  C  D. 

As  a  train  approaches  from  the  right,  the  shear  will  be  simply  the 
reaction  i?i  as  long  as  all  the  loads  are  to  the  right  of  B,  and  it  will  con- 
tinually increase  until  the  first  load  lies  just  at  D.  If  now  the  train  is 
moved  farther,  the  shear  will  be  equal  to  Ri  minus  the  load  which  comes 
on  the  floor-beam  Ci,  and  will  either  increase  or  decrease  uniformly 
until  P.  arrives  at  D,  or  until  P^  passes  C.  The  question  is  therefore 
as  before:  Will  the  shear  be  greater  with  Pi  or  P2  at  D  ?    This  is  easily 

determined,  for  when  Pi  is  at  D  the  shear  is  i?        ;  while  with  Pn  at  D 

it  is 
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or, 

R     T      +  f/  —  Pi  —  (if  oi  <  i^) 

Hence  the  shear  is  greater  when  Po  is  at  2),  provided 


E^+rf>Pi  (ifai>;>)  (6) 

p4^  ^dyP,—  (iia^  <p)  (7) 

or,  neglecting  d  as  before,  provided 

i2^>P,        («i>p)  (6a) 

i2^>i'i^(«x<P)  (7a) 

In  these  equations,  which  are  extremely  easy  of  application,  R  represents, 
as  before,  the  sum  of  all  the  loads  on  the  bridge  when  Pj  is  at  D. 

Having  found,  perhaj^s,  that  the  shear  is  greater  with  P^  at  D  than 
with  Pi  at  D,  the  question  may  arise:  Will  it  be  greater  still  with  Pg  at 
D  ?  Calling  R'  the  sum  of  the  loads  on  the  bridge  when  P.,  is  at  I), 
the  condition  in  this  case  will  be  easily  seen  to  be  the  following:  The 
shear  will  be  greater  with  P3  at  Z)  than  with  Po  at  D,  provided 

R'Y  +d>  {P,+P,)  ^  (if  {a,  +  a,)  <  p)  (8) 

(if  Oi  <  p,  ao  <p,  and 

Oi  +  02  >  p)     (9) 
(if  a-i  <  p,  Oo  '  (10) 


R' 

«2 
i 

+  d>P, 

p  —  «i 
P 

+  P2 

P 

R 

I 

+  d>  P^ 

P  —  'h 
P 

+   P 

2 

R 

I 

+  fZ  >  P2 

«2 
P 

(if  ai  >  p,  oo  <p)     (11) 

R'j  +  f/  >  P.  (if  a,  >  p,  a.  >  p)     (12) 

In  most  cases,  as  before,  we  may  neglect  d. 

III.    Lines  of   Influence. 

We  i:)roceed  to  explain  a  method  by  which  shears  and  moments,  as 
well  as  stresses,  detioctions,  etc.,  may  be  calculated,  and  which,  by  its 
perfect  generality,  may  be  applied  to  the  solution  of  a  great  variety  of 
problems  which  could  scarcely  be  solved  in  any  other  way. 
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To  show  wliat  a  line  of  influence  is,  let  us  consider  first  the  case  of 
moments  on  a  beam,  and  we  shall  see  how  the  results  already  reached 
follow  very  simply  from  the  properties  of  the  influence  line. 

Let  A  B  (Fig.  4,  Plate  I)  represent  a  beam  supported  at  A  and  B, 
and  suppose  we  wish  to  find  the  maximum  movement  at  the  point  c.  To 
do  this,  imagine  a  single  load  equal  to  unity  to  pass  over  the  bridge  from 
right  to  left,  and  at  each  position  of  the  load  let  us  lay  off  as  an  ordinate 
the  moment  which  would  exist  at  c.  Thus,  m  n  rej)resents  the  moment 
at  c  which  would  be  caused  by  a  load  of  unity  at  m,  and  c  d  that  which 
would  be  caused  by  the  load  unity  at  c.  The  A  d  B,  which  is  the  influ-- 
ence  line  for  the  moment  at  c,  evidently  gives  the  moment  for  any  and 

every  position  of  the  load;  c  dis  evidently  equal  to  ^— ^ — j-^ ,    and   A  d 

and  d  B  are  straight  lines,  which  may  be  drawn  by  first  laying  oflf  c  dio 
some  scale. 

Now  suppose  the  actual  loads  on  the  bridge  are  as  represented  in 
Fig.  5,  and  that  we  desire  to  find  the  moment  at  c,  clearly  this  moment 
will  be 
M=  P,y,  +  P  y,  +  P,y.+  P,  y,  +  P,ys+  P,  y,  +  P-  y,  (13). 

From  the  influence  line  we  can  therefore  obtain  this  moment  at  c  for 
any  position  of  actual  loads  on  the  sp#Q. 

Suj^pose,  again,  that  the  load  consists  of  a  uniform  load  of  ^  pounds 
per  running  foot.  The  influence  line  may  be  used  as  before;  for  in  Fig. 
6,  taking  an  infinitely  small  distance  d  x  at  g,  the  load  on  this  dis- 
tance will  be  p  d  X,  and  the  moment  it  will  cause  at  c  will  \>e  p  y  d  x, 
since  a  load  of  unity  at  g  would  produce  a  moment  y  at  c. 

Here  the  moment  caused  by  the  uniform  load  over  any  portion  in  m' 

of  the  span  will  he  I  '  '  P  y  d  x  —  p  I  '  'y  d  x  =  p  A,  A  representing 
the  area  m  n  n'  m  .  The  moment  caused  by  the  load  over  the  entire  span 
will  be  p  ^,  ^  being  the  entire  area  A  dB,  or  it  will  be  M=—  x  {l—x), 

since  the  ordinate  c  d  is,  as  already  explained,  — — ^^ 

The  influence  line  enables  us  therefore  to  find  the  moment  due  to  any 
loading  whatsoever.  It  also  shows  us  how  much  of  the  beam  must  be 
loaded  in  order  to  prodiice  the  maximum  moment,  where  a  single  load 
must  be  to  produce  the  maximum  moment,  and  it  may  be  used  in  a 
variety  of  i^roblems,  as  will  soon  appear. 
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Suppose  now  we  wish  to'  find  liow  a  system  of  single  loads  must 
be  i^laced  on  a  beam  to  cause  the  maximum  moment  at  c.  We  have  al- 
ready investigated  this  problem,  but  we  shall  now  show  how  the  same 
results  follow  from  the  properties  of  the  influence  line,  and  how  we  are 
thus  enabled  to  draw  some  further  conclusions.  In  Fig.  7,  Plate  I,  let 
AdBhe  the  influence  line  as  before,  and  let  Gi  and  Go  be  the  resultant 
loads  to  the  right  and  left  of  c  respectively.  Now  if  the  entire  system 
of  loads  be  moved  a  distance  d.c  to  the  left,  then  any  load  P  lying  at  m,  and 
which  at  first  caiased  a  moment  represented  by  P  y,  will  now  cause  a 
greater  moment,  namely  P  [y  -\-  dy),  or  its  moment  will  be  increased  by 
Pj  d  y  =  P  d  X  tan.  a^.  The  same  will  be  true  of  all  the  loads  Gj_, 
while  all  the  loads  G^  will  have  the  moments  decreased  hjPdx  tan.  a^. 
The  resultant  moment  at  c  will  therefore  be  increased  by  moving  the 
^system  to  the  left,  provided 

Gi  d  X  tan.  a  i_'p-  G2  d  x  tan.  a-^,  that  is  if 
Gi  tan.  «!  >  Gi  tan.  a^,  or  if 

Gx         G2 


I  —  X  X 

as  we  showed  on  a  previous  page. 

Influence  lines  may  be  drawn  not  only  for  the  moment  at  a  point, 
Taut  for  the  shear,  or  for  the  stress  in  any  bar  of  a  frame;  or  for  the  de- 
flection, or  any  other  function  of  the  loads  which  we  desire  to  investi- 
gate. From  the  theorem  just  proved,  one  very  fertile  princijile  follows, 
which  finds  numerous  applications,  namely,  this: 

Whenever  the  influence  line  for  any  function  is  composed  of  two  straight 
■lines,  like  those  in  Fig.  7,  Plate  I,  then  the  maximum  value  of  the  function 
in  question,  for  a  system  of  concentrated  loads,  will  occur  ichen  the  load 
•covers  the  length  A  B  when  some  load  is  at  c,  and  when  the  average  load  on 
A  c  is  as  nearly  as  possible  equal  to  that  of  B  c. 

lit  other  words,  the  loading  causing  the  maximum  value  of  the  function 
will  he  the  same  loading  which  would  cause  the  inaaimum  moment  at  c  on  a 
■beam,  of  length  A  B. 

Before  proceeding  to  the  applications  of  this  principle,  let  us  con- 
sider some  other  lines  of  influence. 

Moment;  xoith  Floor-Beams. — Asbefoi'e  remarked,  we  most  frequently 
have  to  find  the  moment  at  the  points  where  the  floor-beams  are  sup- 
ported,   and   at   such  points  the   moment   being   precisely   the   same, 
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whether  there  are  floor-beams  or  not,  the  influence  lines  are  the  same. 
At  points  between  the  floor-beams,  such  as  c  in  Fig.  8,  Plate  I,  the  influ- 
ence line,  as  will  easily  be  seen,  is  A  H  G  B,  the  moment  c  d^  being 
somewhat  less  than  the  moment  c  d,  Avhich  would  exist  were  there  no 
floor-beams.  The  simplest  way  of  drawing  this  influence  line  is  to  lay 
oflf  c  d,  A  d,  and  d  B  as  though  there  were  no  floor-beams,  and  then  join 
G  and  H. 

Lines  of  Influence  for  Shear. — Sujipose  we  wish  to  study  the  shear 
at  a  point  c  on  the  beam  A  B  in  Fig.  9.   The  influence  line  will  evidently 

he  B  d  e  A,  c  d  being  equal  to  — r-^,  and  c  e  = r-.      The  straight 

lines  B  d  and  A  e  are  parallel,  and  d  e  =  1.  This  line  tells  us  at  once 
that  with  a  uniform  load  the  maximum  positive  shear  occurs  when  only 
c  J5  is  loaded,  and  the  maximum  negative  shear  when  only  J.  c  is  loaded  j 
and,  further,  that 

Maximum  (-f-  *S')  =  —  X->      ~, 

1         x'^ 
Maximum  ( —  S)  =  —p 


2  ^      I 

as  is  well  known.     With  a  system  of  concentrated  loads,  the  shear  will 
be  given  by  equation  13, 

If  we  wish  to  ascertain  whether  the  positive  shear  will  be  greater 
with  P..  at  c  than  with  Pi  at  c,  we  observe  that  if  P2  is  moved  up  to  c. 
Pi  will  be  moved  forward  a  distance  Oi  to  the  point  g.  If  now  the 
influence  line  were  B  a',  the  shear  would  be  increased  by  Mai  tan.  a, 
but  since  Pi  passes  c  we  must  subtract  Pi.  {at);  hence  the  shear  i& 
really  increased  by  Rai  tan.  a  —  Pi  (s  t).  But  s  i  =  A  a'=  1;  hence 
the   shear   is   increased  provided  Roi  tan.  a  >  Pi  {s  t),  or  provided 

B  — i  >  Pi,  as  found  on  page  26.    And  here,  as  in  the  case  of  moments, 

we  may  conclude  that  whenever  the  influence  line  for  any  function  is 
composed  of  two  parallel  straight  lines  connected  by  a  vertical,  the 
maximum  value  of  the  function  will  occur  for  the  same  loading  which 
on  a  span  A  B  without  floor-beams  would  cause  the  maximum  shear  at  c. 
Shear;  with  Floor-Beams. — A  brief  consideration  will  show  that  in  this 
case  the  influence  line  for  the  shear  in  the  panel  g  h  (Fig.  10,  Plate  I)  is 
B  H  G  A.  When  the  load  lies  at  k,  the  shear  in  the  panel  gh\&  zero; 
when  it  lies  to  the  right  of  k  the  shear  is  positive,  and  when  it  lies  to  the 
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left  of  k  it  is  negative.  The  point  k  is  such  a  point  that  when  a  load 
lies  there  the  reaction  at  A  will  be  erxual  to  the  load  on  the  floor-beam 
at  g,  that  is 

_     S  r,   Z  S  Z 

P  —  =  P—  or  — =— . 
/  P         I'         P 

This  point  k  may  be  called  the  neutral  point  of  the  panel  g  h,  and  each 
panel  has  such  a  neutral  point.  The  influence  line  gives  us  the  point  k 
directly,  and  shows  that  with  a  uniform  load  the  maximum  positive 
shear  will  occur  when  the  load  covers  B  k  alone,  and  the  maximum 
negative  shear  when  the  load  covers  A  k  alone.  Calling  A  the  area 
B  H  k,  and  A  2  the  area  A  G  k,  we  have 

Maximum  {-}-  S)  =  p  A. 

Maximum  ( —  S)  =  —  p  A. 

1  "^ 

Since  nil  —  ■^,  and  G g  —  —  ^,  the  lines  A  G  and  B  H  are  readily 

seen  to  be  parallel. 

If  the  loading  consists  of  a  series  of  concentrated  loads,  equation  13 
is  to  be  used. 

Finally,  we  may  again  deduce  from  the  influence  line  the  conditions 
determining  the  loading  giving  maximum  shear  for  a  series  of  concen- 
trated loads.  Starting  with  the  first  wheel  at  7i,  we  must  determine 
whether  the  shear  is  increased  by  bringing  up  P2  to  h.  If  in  moving 
the  loads  in  this  way  Pi  passes  beyond  G;  or,  in  other  words,  if  cci  >i>, 
we  have  the  increase   of  shear  equal  to  Rai   tan.   ai  —  Pi    [s  t),  or, 

since  s  t  =  A  ai  =1,  the  shear  will  be  increased  if  R  -j-^Pi.  Simi- 
larly, if  «!  <Cp,  and  Pi  moves  to  s'  t',  the  increase  of  shear  will  be 

Bai  tan.  a,  —  P  (s'  t'):  or  the  shear  will  be  increased  if  R  -^>P  — - 
'  ^       "  I  P 

as  already  shown  on  page  26.  We  may  again  conclude,  therefore,  that 
whenever  the  influence  line  is  composed  of  two  parallel  straight  lines 
joined  by  an  inclined  line,  as  in  Fig.  10,  the  loading  causing  the  maxi- 
mum value  of  the  function  will  be  the  same  loading  that  on  a  beam  of 
length  A  B  would  cause  the  maximum  shear  in  the  panel  g  h. 

As  a  last  illustration  of  influence  lines,  consider  that  for  the  stress  in 
the  bar  ah  of  the  truss  shown  in  Fig.  11,  Plate  I.  Since  the  stress  in  a  5 
is  simply  the  moment  at  g  divided  by  the  height  h,  the  influence  line 
AdB  will  be  exactly  similar  to  that  for  the  moment  at  g,  the  ordinate 

,.    .         X  [l-x) 
c  d  bemg  — j- — -. 
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IV.    Example  of  Maximum  Shears  and  Moments. 

Althougli  the  calculation  of  maximum  shears  and  moments  is  gen- 
erally well  understood  by  bridge  engineers,  the  following  example  will 
illustrate  the  simplicity  of  the  following  methods,  and  will  add  to  the 
completeness  of  this  article. 

In  finding  moments  and  shears,  a  diagram  like  that  in  Fig.  12,  Plate  II, 
should  be  used,  as  is  done  in  several  bridge  ofiices.  Fig.  12  is  made  out 
for  a  Pennsylvania  Railroad  consolidation  engine,  the  lower  line  giving 
the  loads  on  each  pair  of  wheels;  the  next  line  above  the  distances  of  each 
load  from  the  first  load  of  six  tons;  the  third  line  the  stim  of  all  the 
loads  up  to  and  including  the  load  above  which  the  figure  occurs ;  and 
the  upper  line  the  sums  of  moments,  about  any  load,  of  all  the  loads  on 
its  left.  Thus,  6  X  7.5  =  45;  6  X  12  + 12  X  4.5  =  126  (or  more  rapidly, 
45  +  18  X  4.5  =  126).  With  the  aid  of  this  diagram,  moments  may  be 
very  rapidly  calculated. 

Example. — Let  it  be  required  to  find  the  maximum  stresses  in  the 
bars  of  the  truss  shown  in  Fig.  13,  Plate  I,  for  the  loads  in  Fig.  12. 

Chord  Bars. — For  the  maximum  chord  stresses  it  is  only  necessary 
to  find  the  maximum  moments  at  the  jjoints  a,  b,  c  and  d. 

Maximum  Moment  at  a. — If  we  try  the  first  driver  just  to  the  right  of 
a,  then  if  the  locomotives  are  preceded,  as  well  as  followed,  by  a  uni- 
form load,  as  shown  in  Fig.  12,  a  portion  of  the  panel  A  a  will  be  covered 
by  this  uniform  load.  We  shall,  however,  not  consider  any  load  in 
front  of  the  engines,  as  it  is  generally  unnecessary  in  practice  to  do  so, 
and  ordinary  specifications  do  not  call  for  it.  We  then  have  the  right- 
hand  abutment  B  105  feet  from  the  load  2,  or  112.5  feet  from  1,  and 
therefore  10.5  feet  beyond  18,  the  last  7.5  feet  being  therefore  covered  by 
the  uniform  load.  To  the  left  of  a  we  have  six  tons,  to  the  right  166  + 
7.5  X  1.5  =  177.25,  and  as  there  are  seven  i^anels  to  the  right  and  one  on 

the  left,  the  average  loads  may  be  represented  by  —  on   the  left,    and 

177.25 

— ^ —  =  25  -f-  on  the  right.    As  the  average  load  on  the  right  is  greater, 

we  must  move  the  loads  to  the  left.     With  the  load  2  just  to  the  left  of 
a  we  shall  have  the  average  loads. 

On  the  left,  ^  =  18;  on  the  right,        ^        =  23  +; 

hence  we  must  still  move  to  the  left.     With  the  load  3  just  to  the  left  of 
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a,  we  have  B  15  feet  beyond  the  load  18,  and  12  feet  covered  by  the  uni- 
form load.     The  average  loads  are 

On  the  left,  -^  =  30;  on  the  right,  ^  =  23  +. 

Hence  the  system  must  be  moved  to  the  right,  and  therefore  the  load  3 
must  lie  at  a. 

This  case  has  been  worked  through  in  detail,  but  with  practice  the 
portion  of  the  loads  causing  maximum  moments  may  be  so  nearlyas- 
sumed  in  the  beginning  that  but  one  or  two  trials  are  necessary  to  de- 
termine it  exactly.  It  must  only  be  borne  in  mind  that  the  entire  sjian 
must  be  loaded  as  much  as  possible,  with  one  heavy  load  at  the  point  in 
question,  and  with  the  heaviest  loads  as  near  that  point  as  possible.  In 
the  case  just  treated  we  should  have  tried  the  load  3  at  first,  if  we  had 
not  desired  to  illustrate  the  method  of  procedure. 

It  must  be  remembered,  however,  that  several  distinct  portions  of 
the  load  may  give  maximum  moments  at  the  same  point,  and  to  decide 
between  them  the  only  exact  way  is  to  work  out  the  actual  moments.  They 
will,  however,  in  many  cases  be  very  nearly  alike,  and  inspection  will  al- 
most always  show  which  will  probably  be  the  greater.  Thus,  in  the  above 
case,  if  w'e  try  the  load  numbered  8  on  the  right  and  left  of  a,  we  shall  find 
that  when  at  a  it  gives  a  maximiim  moment;  but  in  this  case  it  is  very  evi- 
dent that  this  second  maximum  will  be  smaller  than  the  one  correspond- 
ing to  load  3  at  a.     In  some  cases,  however,  a  trial  may  be  necessary. 

The  maximum  moment  itself  is  easily  found,  the  load  3  being  at  the 

point  a.    The  reaction  at  A  is  found  by  taking  moments  about  B,  which 

lies  fifteen  feet  beyond  the  load  18.     This  moment  is  8  934  +  172  x  15 

4-  18  X  6  =  11  622,  the  last  term  (18  X  6)  being   the  moment  of  the 

uniform  load  covering  the  last   12  feet  of  the  span.     The  reaction  is 

11  622 

=  96.85  tons,  and  the  moment  at  a  =  96.85  x  15  —  126  =  1  452.75 

1  452  75 
foot  tons.     Finally,  the  stress  in  the  bars  A  a  and  a  i  is  — ^ —  =72.6 

tons  for  both  trasses. 

In  using  the  schedule  Fig.  12,  care  must  be  taken  to  allow  for  any  of 
the  front  loads  passing  off  the  bridge,  as  will  appear  in  what  follows. 
The  remaining  moments  may  thus  be  calculated. 

Moment  at  b. — In  this  case  it  will  be  found  that  the  maximum  moment 
occurs  when  load  5  is  at  6;  but  in  all  probability,  since  for  this  loading 
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the  other  drivers  are  all  in  front  of  b,  a  still  greater  moment  will  occur 
when  the  second  engine  reaches  b.     The  trial  shows,  in  fact,  that  a  maxi- 
mum occurs  when  load  number  12  is  at  b.     For  this  loading  the  span 
reaches  from  37  to  157  on  the  line  of  distances,  and  we  have 
Eeaction  at  left  = 

8  934+  172  X  55  4- li  X  52  X  26—1327  —  70x120.5      ^^  „^  , 
■ ■ zr^ =88.83  tons. 

Moment  at  i  =  88.83  x  30  —  126  —  8  (20  +  25)  =  2  179  foot  tons, 

2  179 
Stress  =   — ^Tp  =  108.95  tons  (in  a   b'  and  be). 

For  the  loading  with  load  5  at  6  we  have 

^       . .              8  934  +  172  X  9  +  li  X  6  X  3       „_  „_ 
Reaction  = --^ =  87.575 

Moment  at  &  =  87.575  x  30  —  450  =  2  177,  or  almost  precisely 

the  same  as  the  other,  though  a  little  smaller. 

Moment  at  c. — A  trial  shows  that  load  13  gives  maximum,  moment. 

The  span  reaches  from  26.5  to  146.5  on  the  line  of  distances. 

Reaction  = 

8  934  +  172  X  44.5  +  1^  x  41.5  x  20.75  —  450—54  X  125.5   _  gg  ^^ 

120  ~ 

M=  88.77  X  45  —  261  —  32  x  32.25  =  2  701.65. 

Stress  in  b'  c'  and  e  d  =^  — — -^ —  =  135.08  tons. 

Moment  at  d. — The  load  12  lies  at  the  point,  the  span  reaching  from 
7  to  127,  and  with  22  feet  loaded  with  the  uniform  load. 

R  =  8  934  +  172  X  25  +  1^  x  22  x  11  —  6  X  127  _  ^^^  ^g 

120 
i(f=  106.96  X  60  —  3  948  —  6  X  67  =  3  321.6 

Stress  =  — 2(P  =  166.08  (in  c'  d'). 

Shears.— Pawe/  A  a. — With  Fj  at  a,  the  total  load  on  the  span  is  172 

7  5  7  5 

tons.     Now  since  172  x  -z^  is  greater  than  6  -^,  the  shear  will  be  in- 

creased  by  bringing  np  P„.     If  Pg  be  brought  up,  Pi  will  still  remain 

4  5 
on  the  bridge;  the  reaction  will  be  increased  by  183.25  ^^K  +  <^  i^^  ^^' 

count  of  the  uniform  load  coming  on,  d  being  exactly  equal  to  li  x  4.5  x 

2.25\  ,  4.5  -     1  -  ~  ■ 

jhq  )  >  or  neglecting  d,  by  6.87.     But  we  must  substract  -rv-.18  more 

than  when  Pg  is  at  a;  hence  since  6.87  is  greater  than  this  (or  5.4),  the 


148 


34  SWAIX    ox    STKKSSES    IX    BRIDGES. 

shear  will  be  still  farther  increased  if  /*a  is  brought  up  to  a.  It  could 
in  the  same  way  easily  be  found  that  if  P ^  were  advanced  to  a  the  shear 
would  be  diminished,  regard  being  had  to  the  fact  that  here  P^  would 
pass  off  the  bridge.  The  maximum  shear,  with  P^  at  a,  is  found  as  fol- 
lows, the  span  ending  at  117  feet  from  Pi,  and  the  last  twelve  feet  being 
covered  by  the  uniform  load: 

^       ..         .  ,  .,       9  450  +  172  X  12  +  18  X  6       _  „. 
Eeaction  at  left  = ■ ..  ^.         =  96. 8o 

12  4  *! 

Shear  =  96.85  —  ^1 .6  —  t?^  .12  =:  88.45  tons. 

15  15 

Panel  a  &.— With  P^    at  Z*,  i?  =  148;  and  since  148  -^  >  6  ^  for 

IzU  15    L 

>-   6  ^j~j^  (^48)      the  shear  is   increased  by  bringing   up   P,.. 

•4-  *^  4-  "^ 

Again  (the   total  load  being  now  164),  since  164 -^  (=  6.  15)  >•  ^-18 

(  =  5.4),  it  is  still  further  increased  by  bringing  up  P ^.     Finally,  since 

172  f^-  (  =6.45  )<:^  .6  X  ^  .24  (  =  8.4),  it  is  diminished  by  bringing 

u-p  Pi.    Hence  Pg  miistlie  at  b,  and 

^r     •  1  8  934        12  4.5  .^       _  _^ 

Maximum  shear  =  —r^rr: -r-  -o  —  ^i-  -l-^  =  6b. 05 

120  Vo  15 

Panel  b  c— With  Pi  at  c,  the  total  load  i?  =128,  and  since  128  > 

4.5 

48,  we  must  bring  up  P..     And  since  140  ^^  (=  5.25)  <  5.4  (as  above), 

we  must  not  bring  up  P^.     Hence  P.,  must  be  at  c,  and 

^r     ■  ,  5  046+ 140  X  6.5       7.5   .        ._  _ 

Maximum  shear  :=  ztt^ r-^-6  —  45.  oo. 

120  10 

Panel  c  (/.—With  Pi    a.i  d,  R  =  92,  and  since  92>48,  we  must  ' 

bring  up  P-,.     It  is  not  necessary  to  try  P^,  since  in  the  previous  panel 

it  was  not  advanced  to  c.     With  P.^  at  d, 

Tvr     •             1             3  948  +  116x0.5      7.5 
Maximum  shear  = ..  ^^ r^-  •  o  =  29.  bd 

Panel  d  e. — With  Pi  at  e,  R  —  78;  and  since  78  >■  48,  we  must  ad- 
vance Pi,  and 

...  ,  2  102+86x5.5       7.5   .      ^_  .. 

Maximum  shear  =  ^^^7; ^r^.b  =  la.4b 

120  15 

PcmeZe/.— With  Pi  at/,  R  =  54,  hence  P,  must  be  advanced. 

_.     .             ,              1 327  +  70  X  1        7.5   .       _  _, 
Maximum  shear  = rr^Tj r^-"  =  o.kA 
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Panel fg. — With  Pi  at  g,  B.  =30,  lience  P^  must  be  at^. 

Maximum  shear  =     rp^^r- =  1.8. 

We  have  thus  found  the  maximum  positive  shear  in  every  panel. 

VI.    SiNGiiE  Intersection  Trusses. 

Little  more  than  the  processes  used  in  the  example  just  given  is 
necessary  in  the  calculation  of  ordinary  single  intersection  trusses  with 
parallel  chords.  The  chord  stresses  are  found  from  the  moments,  the  web 
stresses  from  the  shears.  In  finding  chord  stresses  in  Warren  girders 
however,  it  is  necessary,  in  order  to  obtain  the  stresses  in  the  loaded 
chord,  to  calculate  maximum  moments  at  the  opposite  joints  of  the  un- 
loaded chord,  that  is,  at  points  between  the  floor-beams.  In  this  case 
however,  as  already  remarked,  it  is  sufficient  to  calculate  exactly  as 
though  there  were  no  lioor-beams  present,  the  results  being  then  a  little 
too  large;  but,  if  desired,  influence  lines  may  be  iised,  with  the  appli- 
cation of  equation  13.  For  example,  in  Fig.  11,  Plate  I,  to  find  the 
maximum  stress  in  the  bar  d,  it  is  necessary  to  find  the  maximum 
moment  at  the  point  a.  The  influence  line  for  the  stress  in  d  is  given 
in  Fig.  14;  and  calling  (?i  the  total  load  on  g  B,  G^  that  on  h  g,  and 
Gs  that  on  A  h,  then  the  stress  in  d  will  be  increased  by  moving  the 
loads  to  the  left,  so  long  as 

Gx  tan.  (Ti  >■  (to  tan.  ccg  +  G^  tan.  a^ 
or,  substituting  for  tan.  a^,  tan  a 2,  tan.  0:3,  their  values,  so  long  as 

G,>G._   ^^J  +  gJ^   or 

G,  +  G,  -{-G,>G,^^  +  G,  \  (14) 

The  position  of  the  load  giving  maximum  stress  being  found,  use 
equation  (13). 

'  Further,  it  is  necessary  to  consider  the  efi'ect  of  counters  on  the  use 
of  influence  lines.  Thus,  in  Fig.  13,  suppose  that  there  is  no  counter 
c  d' ,  the  influence  line  for  the  diagonal  c'  d  will  be  ^  C  D  B  in  Fig.  15. 
If,  however,  the  counter  be  in  existence,  the  true  line  will  he  A  F  D  B. 
In  calculating  diagonals,  however,  by  means  of  influence  lines,  it  is  clear 
that  we  must  treat  each  one  as  though  there  were  no  other  diagonal  in 
the  same  panel,  or  using  for  c'  d  the  line  A  C  D  B.  For,  if  the  diagonal 
is  in  action,  every  load  on  the  sj)an  afi'ects  it,  causing  either  tension  or 
.compression,  and  if  the  resultant  stress  for  any  particular  loading  is 
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compression,  it  simply  shows  that  the  diagonal  considered  would  for 
that  loading  not  be  in  action,  but  that  the  other  one  would  be;  and  if 
this  last  is  treated  in  the  same  way,  the  load  in  question  will  be  found 
to  jiroduce  tension  in  it.  Similarly,  in  calculating  chords  and  verticals, 
the  influence  line  must  be  drawn  on  the  supposition  that  certain  diago- 
nals are  in  action.  Then,  for  any  particular  loading,  it  must  first  be 
determined  whether  such  diagonals  are  really  in  action  or  not,  and  if 
not,  then  in  getting  the  chord  or  vertical  stress  for  such  loading,  the  in- 
fluence line  used  must  be  one  constructed  on  the  basis  of  the  diagonal 
which  is  really  in  action. 

Let  us  now  j^roceed  to  some  applications  of  these  principles. 

VI.  Application  to  Floor-Beams,  Floor-Beasi  Hangers, 
End  Suspenders,  etc. 

In  the  truss  shown  in  Fig.  13,  the  greatest  load  on  any  floor-beam, 
as  a,  occurs  for  some  particular  position  of  the  loads,  which  should  be 
determined,  as  upon  it  will  dejiend  the  calculation  of  the  floor-beam 
and  its  connections  with  the  stringer,  of  the  floor-beam  hangers,  and  of 
the  end  suspender  or  hip  vertical  a  a  .  Fig.  16  represents  the  influence 
line  for  the  load  on  the  point  a,  the  ordinate  n  n'  being  iinity.  This 
line  is  exactly  similar  to  that  for  the  moment  at  a  on  a  beam  of  length 
A  b;  hence  the  loading  which  would  cause  the  maximum  moment  in  the 
latter  case  will  also  cause  the  maximum  load  on  a.  Hence  we  see  that 
to  cause  the  greatest  stress  on  floor-beams,  hangers  or  hip  verticals,  the 
two  adjacent  panels  should  be  loaded  in  the  same  way  as  would  give  the 
maximum  moment  at  the  floor-beam  considered  on  a  s^jan  equal  to  the 
two  adjacent  i^anels.  This  simple  theorem  ai)plies  to  all  cases  of  posts 
or  ties  such  as  a  b  in  Figs.  17,  18,  19  and  20,  Plate  I. 

Let  us  consider  further  the  strut  c  d  in  Fig.  20.  The  influence  line  is 
shown  below,  n  n'  being  unity,  and  it  is  therefore  easily  seen  that  for  the 
maximum  stress  the  loading  should  be  such  as  would  give  the  maximum 
moment  at  c  on  a  beam  of  length  A/.  The  same  is  true  regarding  the 
tie  c  din  Fig.  19. 

For  the  strut  ///  in  Fig.  20,  the  influence  line  is  shown  below,  ?i  ?i' 
being  unity,  and  it  follows  that  the  loading  giving  maximum  stress  will 
be  the  same  which  would  give  the  maximum  moment  at/  on  a  span  A  B. 

Moreover,  the  simplest  way  of  finding  the  stress  is  to  find  actually, ' 
by  means  of  the  diagram  Fig.  12,  the  maximum  moment  for  the  corre- 
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spending  loading,  and  then  to  multiply  it  bv  the  riatio  which  the  ordinate 
of  the  influence  line  for  the  actual  stress  bears  to  the  ordinate  of  the  in- 
fluence line  for  moment.     For  example,  in  Fig.  16  the  ordinate  n  n'  ot 

15 
the  line  for  stress  is  1,  -while  for  moments  it  would  be  ^7r.l5  =  7.5. 

Hence  the  maximum  stress  in  a  n'  in  tons  will  be  equal  to  the  maxi- 
mum moment  at  a  on  a  beam  A  b,  in  foot  tons  divided  by  7.5.  Simi- 
larly, for  c  d  in  Fig.  20,  supposing  the   panels  to  be  20  feet  long,  the 

40 
•ordinate  for  stress  is  1,  and  for  moments  ~^~  .40  =  20;  hence 

Maximum  stress  in  c  d  (tons)  =  —  (max.  moment  at  c  in  foot  tons). 

VII.  Fink  and  Bollman  Tkusses. 

These  trusses  are  taken  up  here  as  offering  some  analogy  to  cases  just 
discussed.  The  loading  causing  maximum  stresses  in  the  verticals  has 
already  been  fully  explained,  together  with  the  method  of  determining 
such  stresses.  The  stresses  in  diagonals  follow  at  once  from  those  in 
the  verticals,  and  need  not  be  further  discussed.  In  considering  the 
<;hords,  an  interesting  application  of  influence  lines  may  be  made. 

Fig.  2],  Plate  II,  represents  a  Fink  truss  in  which  we  have  to  find  the 
maximum  chord  stresses.  The  influence  line  for  the  bar  a  is  the  one  in 
full  lines  in  Fig.  21a,  and  the  ordinates  may  be  easily  checked.  From 
this  the  loading  causing  maximum  stress  may  be  easily  found  by  trial, 
using  equation  13,  but  a  rule  may  also  be  deduced  which  will  save  time. 
Let  Gi  ^  resultant  load  on  ei. 
G.  =  "  "        ce. 

(?3  =  "  "         be. 

G,  =  "  "         ab. 

Starting  with  any  given  j)osition  of  the  loads,  if  the  system  be 
XQOved  to  the  left  a  distance  d  re,  it  will  be  easily  seen  that  the  stress  will 
be  increased  if 

Gi  tan.  «!  >>  Ga  tan.  orj  +  G4,  tan.  a^;     or  if 

G,>G,+3G,  (15) 

By  the  aid  of  this  condition,  the  loading  causing  maximum  stress 
may  be  readily  found,  and  then  the  actual  stress  by  equation  13. 

The  influence  line  for  the  bars  b  is  the  one  dotted  in  Fig.  21a.  In 
this  case,  if  we  call  G^,  G^,  Gs,  the  total  loads  on  di,  c  d  and  a  c  respect- 
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ively,  the  loading  causing  maximum  stress  will  be  found  by  moving  ta 

the  left  if 

Or>G^+2G,  (16) 

In  the  Bollmann  truss  shown  on  Fig.  22,  Plate  II,  the  stress  in  the 

ujiper  chord  is  constant  throughout,  and  the  influence  line  is  given  in 

Fig.  22a.    The  vertices  all  lie  on  a  parabola.     If  the  loads  on  each  panel 

are  called  Gi,G2,Gs,Gi,G5,GG,Cl7,Gs,  we  may  find  the  loading  causing 

maximum  stress  by  the  condition  that  the  loads  must  be  moved  to  the 

left,  provided 

7G,  +  5Go  +  3(?3  +  (?,  >  G^3  +  3Go  +  5(7,  +  7Gs  (17) 

VIII.    The  Teuss  with  Intermediate  Secondary  Systems. 
Under  this  head  we  include  trusses  like  those  shown  on  Figs.  23,  24 
and  2.5. 

In  Fig.  23,  Plate  II,  the  stress  in  a  will  be  obtained  by  finding  the 
maximum  moment  at  B  and  dividing  by  7i;  that  in  b  by  finding  the 
maximum  shear  in  the  panel  D  B  ;  that  in  c  as  already  explained.  The 
vertical  comjionent  of  that  in  d  will  be  one-half  that  in  c;  for  in  Fig. 
23o  we  have  at  the  joint  iT the  equations  of  equilibrium  as  follows: 

Si  sin.   a  -^  Si  sin.   a  —  S.2  sin.   a  =  o  (18) 

S    COS.  a  —  /S4  cos.  a  —  S.2  cos.  a  —  S3  =  0  (19) 

from  which  we  obtain 

Si=       —  -^  'S'3  sec.  a  (20) 

S,  =  S,  +  ^  S3  sec.  a  (21) 

To  find  the  maximum  stress  in  e,  draw  its  influence  line,  as  in  Fig. 
23a,  which  is  drawn  for  the  vertical  component  of  the  stress  in  e,  regard- 
less whether  there  be  a  counter,  as  in  the  panel  to  the  right.  It  will  be 
found  that  this  influence  line  is  exactly  the  same  as  it  would  be  if  there 

s  s' 

were  no  bars  c  and  (/.     The  ordinates  at  B'  and  C  are  clearly  —  and  -y- 

respectively,  and  if  G  and  II  be  joined  by  a  straight  line,  the  ordinate 

to  this  line  at  D'  will  be  -^ ^ j — -  =  -„- '- — -j-^;    but  this  can  be 

shoAvn  to  be  the  ordinate  to  the  influence  line  at  D'  by  considering  that 

l—s—s' 
if  a  load  of  unity  lies  atD,  the  shear  in  the  panel  CD  is  s  -f       2      while 
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the  shear  in  the  bar  (7  is,  according  to  equation  20,  a  compression  of  — , 
hence  the  shear  in  the  bar  e  is 

I  —  s —  s' 


s+  2  1, 


12  21 

Hence  the  loading  causing  the  maximum  stress  in  e,  as  well  as  that  maxi- 
mum stress  itself,  is  found  entirely  regardless  of  the  secondary  systems, 
just  as  though  the  truss  were  an  ordinary  Pratt  truss  with  joints  only  at 
C,  B,  etc. 

The  stress  in/  is  the  same  as  that  in  g.  To  find  it,  draw  the  influence 
line,  as  in  Fig.  23b.  Ai  C  B  B^  is  the  line  we  should  have  if  there  were 
no  secondary  system,  and  the  ordinates  at  C"  and  B'  must  cleai'ly  be  the 
same  in  the  present  case.  We  have  only  to  find  the  ordinate  at  B',  since 
between  any  two  consecutive  joints  the  line  must  always  be  straight. 
With  a  load  unity  at  B,  we  find  the  stress  in/ by  taking  moments  about 
0,  allowing  for  the  moment  of  the  stress  in  d.     Thus, 

Reaction  on  the  left  =        ,  {p  =  panel  length). 

1   p 
Hence  component  of  stress  m  d  =  —  ~ 

I  h  ^ 

,  _f^   ,    ^^   .   J^  (22) 

The  ordinate  to  C  i?  at  the  point  B'  would  be 

S  S'     .8'p 

y^Tk^  2111 
hence  the  point  B  is  above  the  line  CB  by  the  distance  ~—  .     In  other 

words,  the  stress  in  g  and  /  is  equal  to  that  which  would  exist  if  there 
were  no  secondary  system,  plus  the  stress  in  C  B  considered  as  the  chord 
of  the  secondary  triiss  C KB.  The  ordinate  at  B'  will  be  the  longest  in 
the  curve,  even  greater  than  C  C  in  every  case.  The  loading  causing 
maximum  stress  will  be  nearly  the  same  as  if  there  were  no  secondary 
system,  but  there  will  generally  be  a  load  at  B. 

The  stress  in  the  vertical,  h,  is  readily  found,  being  the  vertical  com- 
jjonent  of  that  in  the  diagonal  e,  plus  whatever  load  may  be  on  0.  Since 
the  stress  in  e  is  the  same  as  without  the  secondary  system,  the  stresses 
in  the  verticals  will  be  also.     The  same  is  true  of  the  counters. 
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Fig.  24,  Plate  II,  represents  a  deck  bridge  of  the  same  system  as 
Fig.  23,  and  the  same  laws  hold  as  for  the  bars  bearing  the  same  letters 
in  Fig.  23. 

Fig.  25,  Plate  III,  represents  a  triangular  truss  with  three  intermedi- 
ate verticals  in  each  long  panel  A  E.  The  stresses  in  this  truss  may 
be  found  as  follows  : 

That  in  a  equals  the  maximum  moment  at  A  divided  by  b,  the  loading 
being  the  same  as  would  cause  the  maximum  moment  at  ^  on  a  simple 
beam  of  the  same  span. 

Those  in  h,  b' ,  and  d  are  found  as  has  been  already  exj^lained. 

That  in  c  and  c'  is  equal  to  one-half  of  that  in  b,  or  b' ,  resolved  along 
the  bars. 

That  in  e  has  for  its  vertical  component  the  maximum  shear  in  the 
small  panel  A  B,  the  beam  being  treated  as  a  simple  beam  with  i^anels 
equal  to  -4  Z>. 

That  in  e*  is  found  in  a  similar  way,  from  the  shear  in  D  E. 

For/'  the  influence  line  is  drawn  in  Fig.  25a,  showing  that  the  stress 
is  just  the  same  as  in  a  truss  with  panels  equal  io  A  C  and  C  E,  that  is, 
disregarding  the  small  systems  AG  C,C  KE,  etc.     The  same  is  true  of/. 

For  g  and  h  the  stress  will  evidently  be  the  same  as  in  the  bar  A  C 
of  a  truss  with  panels  equal  to^  C,  CE,  etc.,  plus  the  stress  in  ^  C  as  the 
chord  of  the  small  truss  A  G  C.     The  influence  line  may  be  easily  drawn 
and  the  maximum  loading  will,  as  in  Fig.  23,  generally  be  with  some 
load  at  B.     Similar  remarks  apply  to  the  bars  k,  I. 

IX.    Trusses  with  Multiple  Systems  of  Web. 

Trusses  belonging  to  this  class — double  intersection  trusses,  as  they 
are  commonly  built  in  this  country — have  always  offered  some  difficulties 
in  calculation  for  the  actual  loads.  If  a  uniform  load  be  assumed,  with 
locomotive  excess,  the  calculation  is  very  simple,  for  the  load  coming  on 
each  of  the  systems  of  which  the  frame  consists  is  definitely  determined. 
"When  it  comes,  however,  to  consider  the  actual  loads,  it  is  by  ordinary 
methods  not  easy  to  tell  just  what  loading  causes  the  maximum  stresses; 
although,  having  that  loading,  the  stresses  themselves  may  be  found 
without  difficulty.  The  writer  l)elieves  that  the  calculation  with  loco- 
motive excesses  is  amply  sufficient  for  all  practical  purposes,  and  he 
believes  that,  in  view  of  the  rajjid  increase  of  the  weight  of  engines  and 
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cars,  the  uniform  load  should  be  rather  larger  than  generally  taken,  say 
3  300  or  3  500  pounds  per  foot.  The  assumption  of  one  particular  engine 
with  its  actual  load,  which  in  a  few  years  may  be  exceeded  in  weight  by 
other  engines  on  the  same  road,  seems  to  render  the  assumption  of  actiial 
loads  for  other  cases  than  the  calculation  of  the  floor,  of  hip  verticals, 
etc.,  rather  a  needless  refinement,  and  in  some  cases  quite  as  inaccurate 
as  the  assumption  of  a  reasonable  uniform  load  with  locomotive  excesses 
would  be.  Nevertheless,  actual  loads  are  used  in  many  large  offices,  even 
in  the  calculation  of  double  intersection  trusses,  and  the  following 
methods  may  therefore  prove  acceptable  to  some.  The  use  of  influence 
lines  will  be  found  to  afford  some  aid  in  such  cases. 

Let  us  consider,  for  instance,  the  ordinary  Whipple  truss  shown  in 
Fig.  26,  Plate  III.  We  have  seen  that  the  lines  of  influence  enable  us  to 
find  :  (1)  the  points  where  a  single  load  must  be  to  cause  no  stress  in 
the  bar  considered;  (2)  the  portion  of  the  structure  which  must  be 
covered  by  a  uniform  load  in  order  to  cause  the  maximum  positive  or 
negative  stress;  (3)  the  value  of  siich  stress,  by  means  of  areas;  (4)  for 
concentrated  loads  the  loading  causing  maximum  stress  of  either  kind, 
by  trial,  or  by  deducing  simple  rules;  (5)  the  value  of  such  stress  by  the 
use  of  equation  13. 

In  Fig.  26  we  find  the  influence  line  for  the  chord  piece  a  to  be  the 
broken  line  shown  in  Fig.  26a,  the  ordinates  being  indicated  in  the  figure. 
There  is  some  uncertainty  regarding  the  loads  on  the  joints  1  and  15. 

Thus,  if  we  suppose  the  rs  which  goes  to  the  left  from  joint  1  to  go 

Q     p  ... 

through  the  heavy  system,  the  stress  in  a  is  —  ^  ,    while    if     it     goes 

5      7)  1 1     39 

through  the  light  system  it  is  :f- ^- ,  and  if   half   on  each  it  is^^. 

Overlooking  this  very  small  uncertainty,  the  apices  of  the  influence 
line  lie  alternately  on  lines  radiating  from  B  and  A.     The  numbers  on 

P 
the  ordinate  in  the  figure  are,  of   course,  to  be  multiplied  by         ,  . 

Thus  the  stress  in  a  for  a  load  unity  at  11  is  ^-7;   4--    These  ordinates 

•^  16    h 

may  be  easily  found  by  any  of  the  ordinary  methods  of  calcu- 
lation. Thus,  of  a  load  on  11,  r^  goes  to  the  left  abutment,  and  is 
the  vertical  component  in  the  end  post  and  all  the  diagonals  of  the 
light  system  to  the  left  of  a.     The  stress  on  the  first  and  second  upper 

chord  pieces  is  therefore  t^  ^  4-  tt^  -7^  ;  and  on  the  third  and  fourth 

lo  h         16    h 

16   A   "^  16    ^    ^  16     h~  16  h. 
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To  find  the  loading  causing  the  maximum  stress  in  a,  it  is  evident 
that  the  heaviest  loads  must  be  as  near  the  point  10  as  possible,  with 
probably  one  load  at  that  jjoint.  The  skeleton  of  the  truss  and  the  in- 
fluence line  being  drawn  to  scale,  and  the  loads  being  plotted  on  tracing- 
cloth  to  the  same  scale,  the  loading  causing  maximum  stress  may  be 
found  by  trial,  placing  the  loads  with  one  of  the  heaviest  at  10,  and  find- 
ing 2  P  y,  then  trying  another  load  at  10  until  the  maximum  is  found. 
Or  the  following  method  may  be  used :  first  write  on  each  panel  the  tan- 
gent of  the  angle  which  the  influence  line  in  that  panel  makes  with  the 
horizontal,  calling  it  positive  when  the  ordinate  increases  in  going  to- 
ward  the  left.      This   has   been   done    in    Fig.  26a   on   the  line  A  B, 

the  numbers  to  be  multiplied  by   ^   to  obtain  the  actual  tangents.  Now 

23lace  the  tracing,  with  the  plotted  loads,  over  the  truss,  with  one  of  the 
drivers  just  to  the  right  of  the  point  10,  and  call  Gi,  Go,  G^,etc.,  the 
total  loads  in  the  successive  panels,  commencing  at  the  right.  These 
loads  can  be  very  rapidly  added  up,  and  written  above  the  numbers 
giving  tangents.  Then  the  stress  will  be  increased  by  moving  the  sys- 
tem of  loads  to  the  left,  provided 

2  {Gtan.  a)  >  1  (23) 

or  in  this  case,  if 

dG,  -\-  6  G,  +3  G;-\-9  G,+  G,  +  U  G,  —  G,  +  IS  G  —3G,-^ 
15  G,o-5G,,-15  G,,—  7  Gx;—lSG,,—  9G,,-n  G^,>l  (24). 

Shoiild  this  inequality  hold,  then  we  move  the  system  to  the  left  until 
the  load  which  was  previously  just  to  the  right  of  10  is  just  to  the  left 
of  the  same  point,  and  again  apply  the  test.  Should  the  inequality  be 
now  reversed,  it  would  follow  that  the  load  in  question  must  lie  at  the 
point  10  in  order  that  the  stress  should  be  a  maximum,  and  the  stress- 
itself  would  be  obtained  by  equation  13.  With  a  little  practice  this 
method  wiU  be  found  more  rapid  than  ajspears  at  first  sight,  and  it  i& 
of  course  as  accurate  as  any  method  can  be.  All  the  bars  of  the  truss 
may  be  treated  in  the  same  way,  and  it  is  not  necessary  to  refer  to  them 
further.  Fig.  26b,  however,  gives  the  influence  line  for  the  diagonal  b, 
showing  the  general  shaj)e  of  all  the  lines  for  the  diagonals. 

Triangular  trusses  with  two,  three  or  more  systems  of  web,  and  in 
fact  all  multiple  systems,  may  be  treated  in  the  same  way,  and  ofter 
ground  for  no  special  remark. 
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X.   Trusses  ^yITH  Curved  Chords. 

A.  Stresses  in  the  Diagonals.— Taking  the  most  common  case  of  a  truss 
■with  ciarved  chords,  that  shown  in  Fig.  27,  Plate  III,  we  shall  first  have 
to  investigate  the  loading  causing  maximum  stresses  in  diagonals.  Con- 
sidering the  diagonal  b,  the  ordinates  to  the  influence  line  may  best  be  ob- 
tained by  the  method  of  moments,  the  section  being  ss',  and  the  origin 
of  moments  0,  at  a  distance  m  to  the  left  of  the  abutment  J .  The  lever 
arm  of  the  bar  b  is  s,  as  shown,  and  the  ordinates  at  C  and  D  may  be 
easilv  checked.  If  we  have  to  do  with  a  uniform  load,  we  have  now 
only  to  find  the  areas  of  the  two  triangles  A  i  and  A2,  and  if  p  is  the  live 
and  g  the  dead  load  per  running  foot,  the  maximum  tension  in  h  will  be 

{j,-{-g)A,-gA,  (25) 

and  the  minimum  tension  will  be 

gA,-{p  +  g)Ao  (26) 

and  if  the  latter  comes  out  negative  it  shows  compression,  or  the  neces- 
sity for  a  counter. 

If  we  are  dealing  with  a  system  of  concentrated  loads,  the  loading 
causing  maximum  stress  may  be  found  as  follows:  As  the  train  ap- 
proaches from  the  right,  the  stress  will  evidently  increase  until  the  first 
wheel  reaches  J),  since,  when  there  are  no  loads  to  the  left  of  D,  the 

stress  is  simply  equal  to — ^- —  .     In  general,  if  M  be  the  moment,  about 

the  point  0,  of  all  the  loads  and  reactions  to  the  left  of  D,  the  stress  ia 

31 
the  bar  will  be   S  =  — . 

s 

Now  if  the  first  wheel  be  advanced  beyond  D,  the  reaction  will  be 
increased,  and  therefore  its  moment,  but  there  will  be  a  load  on  CV 
whose  moment  is  to  be  subtracted,  and  both  of  these  changes  will  take 
place  uniformly  as  the  load  advances  to  the  left.  The  question  there- 
fore is,  as  before,  whether  the  stress  will  be  greater  with  the  first  or  with 
the  second  load  at  D.  Let  R  =  the  total  load  on  the  bridge  when  the 
first  wheel  is  at  B;  then  if  the  loads  be  all  advanced  a  distance  f?i, 
bringing  the  second  wheel  to  D,  the  reaction   will  be  increased  by 

(r  ".^-j-  dj  ,  and  its  moment  therefore  by  (R  y-f  dj  m. 

But  we  shall  now  have  to  subtract  the  moment  of  the  load  on  C  and 
all  joints  to  the  left.  Let  the  distance  C  0  -=  m,  and  if  a^  >  p,  let  the 
distance  from  0  to  Pi  when  P.  is  at  I),  be  called  r.     Then  we  must 
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subtract  P]  — -.71  or  Pi  r,  according  as  a  1  is  less  or  greater  than  p.    We 

shall  therefore  increase  the  stress  by  moving  the  load  to  the  left,  pro- 
Tided  that 


R^  +  d)m>Pi^.  71  {when  ai<p)  (27) 

i  p 

R  ~+  d)  711  >  P,  r         (when  a>p)  (28) 

Since  we  can  almost  always  neglect  d,  which  is  the  reaction  due  to 
any  load  which  may  come  on  the  span  from  the  right  during  the  opera- 
tion, we  have  generally 

R~7n  >  Pj  ~\  n,  or  R~>F,—  (when  a^  <p)  (29) 

I  p  I  p 

R^m>  Pi  7;  or  P  -^  >  Pi  —        (when  ai>p)  (30) 

t  L  it  1 

Similar  rules  may  easily  be  obtained  with  reference  to  the  question 
of  moving  the  third  load  to  D,  but  they  are  not  often  necessary,  and  the 
method  will  be  clear  from  the  example  below. 

An  example  will  show  how  easy  these  rules  are  of  application.  In 
Fig.  28,  Plate  III,  let  us  consider  the  bar  h.  We  first  find  711  by  the  pro- 
portion 

771  +  40  :  m  +  60  ::  24  :  30 

m  =  40  feet. 
With  the  loads  shown  in  Fig.  12  the  stress  in  b  will  therefore  be  in- 
creased by  moving  up  the  second  wheel  to  D,  since 

41>24 
Furtlier,  the  stress  would  bo  still  further  increased  by  moving  up  the 
third  wheel,  provided 

176-^Y^.dO>18.i^.80 

447  >  72 

•hence  the  third  load  should  not  be  moved  up. 

For  counters,  we  may  consider  the  diagonals  sloping  in  the  same 
direction  from  one  end  of  the  bridge  to  the  other,  thus  calculating  both 
main  diagonals  and  counters.  Thus  in  Fig.  29  we  consider  the  truss 
to  be  as  shown,  and  calculate  all  the  diagonals.  In  the  case  of  b',  for 
instance,  which  is  a  counter,  we  proceed  as  follows: 

The  origin  of  moments  is  at  0,  the  lever  arm  of  b'  is  s',  and  the 
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influence  line  is  drawn  in  Fig.  29a.     In  this  case  tlie  stress  will  be 
greater  when  F.  isat  D  than  when  Pi  is  at  D,  provided 

(  R'     ^^   +  d)  m'  >  P.^'n'  (when  a^  <p)  (27a) 

(^  ij'     ^    4_  d\m'  >  Pi    r'     (when  a^  >  p)  (28a) 

or,  neglecting  d,  when 

R'    "1'    >  Pi  ~     [a,  <p)  (29a). 

i  p 

R'  i!}L^  p^rL  («,  >  p)  (30a) 

/  ai 

just  as  before.      R'  being  the  resultant  load  on  the  span  when  P  is  at 
D,  and  n'  and  r'  corresponding  to  n  and  r. 

For  finding  the  actual  stress  in  a  diagonal,  the  ordinary  method   is 
the  following  (Fig.  30):     Find  the  shear  V  in  the  panel  G  D,   and  the 
stress  Si  in  the  upper  chord.     Then,  since  at  the  section  S  S^  the  sum 
of   all  the  vertical  forces  must  equal  zero,  we  must  have 
F  —  Sx  sin.  a-i  —  Sn,  cos.  a^  ^  o 

V  —  Sx  sin.  «! 
cos.  0-3 
or,  in  other  terms,  we  subtract  from  Fthe  vertical  component  of  S-^  to 
obtain  the  vertical  component  of  S^.     The  following  method,  however, 
will   be  found  simpler  and  more  expeditious.     Let  Afi  and  M^  be  the 
moments,  and  hx  and  /^3  the  heights  of  the  truss  at  the  points  D  and  G 
respectively.     Now,  at  the  section  aS  aS^  we   must  have  the  sum  of  the 
horizontal  forces  equal  to  zero;  hence 

St.  cos.  OTi  —  S^  —  S-i  sin.  0-3=0  (31)- 

1    *    •         c  Ml  ,    _,        3/2 

but  since  Oi  cos.   a^  ^—,-  ,  and  02  =  -; — 

hi  h^ 

this  reduces  to  S^  =  |  r-  —  -r-\  cosec.  a^  (32)- 

Take,  for  instance,  the  bar  b  in  Fig.  27.     The  reaction  at  the  left,  for 

the  loading  causing  maximum  tension  in  6,  is  found  to  be  61.78  tons, 

and  the  load  on   C  is  2.25  tons.     Then   we  should   have  by  ^the  usual 

method 

61.78  X  60  — 2.25  x  20 


30 


=  122.06  =Sx  COS.  ai 


122.06   X  ^^  =  36.62  =  S^  sin.  a^ 

^1  94. 
(61.78  —  2.25  —  36.62)  ^^  =  29.78  =  S^ 
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By  the  last  method  we  should  have 

61.78  X  60  -  2.25  X  20       ,^„  _        M, 
30 =  l^^-^^  =  X. 

6_L78X  40^  =  102.97  =  ^ 
2*  ho 

(122.06  —  102.97)  ^^  =  29.82  =  S;, 

B.  S(7-esses  in  the  Verticals. — These  are  best  found  by  the  simple 
method  of  moments.  Thus  in  Fig.  30  the  maximum  stress  in  the 
vertical  at  G  would  occur  for  a  load  up  to  B,  the  origin  of  moments 
being  at  0.  The  loading  causing  maximum  stress  may  be  found  just  as 
has  been  explained,  and  the  stress  itself  by  taking  moments  about  0. 

C.  Sh'esses  in  the  Chords. — These  also  are  found  by  the  method  of 
moments,  finding  the  maximum  moment  at  the  iiroper  joint  oj^posite 
the  chord  piece  in  question,  and  dividing  by  the  lever  arm.  Where 
there  are  counters  it  is  necessary  to  make  sure  which  diagon  is  in  ac- 
tion in  the  panel  in  question,  so  that  the  correct  origin  of  moments 
may  be  taken.  For  example,  in  Fig.  30,  if  the  main  diagonal  C^  D  is  in 
action,  the  origin  of  moments  for  the  upper  chord  piece  C^  D^  is  at  D, 
and  for  the  lower  chord  piece  C  D  it  is  at  C%  Avhile  if  the  counter  is  in 
action  the  origin  for  the  upper  chord  is  at  C,  and  for  the  lower  at  D^. 
In  order  to  find  maximum  chord  stress,  it  is  therefore  necessary  to  find 
■the  moments  as  follows: 

{Maximum  il/at  B 
Corresponding  M  at  G  {i.e.,  for  the  same  loading  which  causes 
the  maximum  at  D) 

{Maximiim  at  G 
Corresponding  31  at  B 
Corresponding  31  at  B 

i  INIaximum  at  B 

<  Corresponding  31  at  G 

I  Corresponding  31  at  E 

{Maximum  3fa,tE 
Corresponding  3/ at  B 
Corresponding  il/at  F 

Now,  since  in  any  panel,  such  as  C  B,  the  diagonal  G^  B  is  in  action, 

31        3t.> 
provided    -y^>y— ^,as  seen  from  equation  (32),  the  above  moments, 

ll  J  ft  o 
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divided  by  the  correspondiug  lieiglits,  enable  us  to  determine  easily  the 
maximum  stresses  in  the  chords. 
Suppose  for  instance  that 
f 


M 


Maximum 


1 


J/ at  C=480:_^     =20   j 


A  -i 


Corresponding  Jf  at  D  =  570: 


Maximum 


c 

M 

d 

IT 
d 


1- 


=  19 


J/atD  =  630:      d  =  21 


B^ 


Corresponding  iW  at  G  =  432:^ 


M 


=  18 


From  this  it  is  evident  that  when  the  maximum  M  at  C  occurs,  the 

M 

diagonal  G D^  (counter)  is  inaction,  since 


h 


<  ^ 


h 


Hence  in  this  case 

Horizontal  component  of  stress  in  upper  chord  =  20  | 
Horizontal  comijonent  of  stress  in  lower  chord  ==  17  \ 

When  the  maximum  if  at  D  occurs,  the  diagonal  G^  D  is  in  action, 


since 


M 

d 


M 


> 


Hence 


h 


j  Horizontal  component  of  stress  in  upper  chord  =  21  ) 
(  Horizontal  component  of  stress  in  lower  chord  =  18  f 

Therefore  we  have 

j  Horizontal  component  of  maximum  stress  in  upper  chord  =  21 
(  Horizontal  component  of  maximum  stress  in  lower  chord  ^=  19 

It  will  be  easily  seen  that  the  stress  in  the  upper  chord  is  obtained 

from  the  greatest  moment  at  either  of  the  opposite  joints,  while  that  of 

the  lower  chord  is  obtained  from  the  greatest  of  the  two  smaller  moments 

in  the  sets  A  and  B  (19  and  18  in  the  above  case). 

XI.  Cantileveks. 
The  stresses  in  cantilevers  may  be  in  many  cases  most  easily  found 
by  the  use  of  influence  lines,  and  many  of  the  principles  which  we  have 
demonstrated  find  apt  application  in  bridges  of  this  class.  We  will 
therefore  consider  such  structures  somewhat  in  detail.  As  ordinarily 
built,  for  three  spans,  cantilevers  are  of  two  kinds:  (1)  those  in  which 
the  cantilever  extends  over  the  center  span  into  the  side  spans,  support- 


48  SWAIN   ON   STRESSES  IN   BRIDGES. 

ing  a  simple  girder  on  each  end;  and  (2)  those  in  which  two  cantilevers 
extend  over  the  side  sj^ans  and  out  into  the  center  span,  supporting  a 
simple  girder  between  them.  Let  us  consider  first  the  former  kind,  rep- 
resented in  Fig.  31,  Plate  IV.  In  both  cases  it  may  be  premised,  how- 
ever, that  the  simple  girders  are  to  be  treated  exactly  as  any  simple 
girder  would  be,  so  that  we  have  here  to  do  only  with  the  cantilever  por- 
tions. 

{(i)  Stresses  in  the  Diagonals. — In  the  truss  represented  in  the  figure, 
which  has  horizontal  chords  and  a  single  web  system,  the  web  stresses 
are  obtained  directly  from  the  shears,  and  the  influence  lines  are  drawn 
simply  for  the  shears,  or  vertical  components  of  the  web  stresses.  "Were 
the  chords  inclined,  the  influence  lines  would  be  drawn  for  the  actual 
stresses  in  the  bars,  which  could  easily  be  found  by  the  method  of 
moments.  Fig.  31a  represents  the  influence  line  for  the  bar  a.  Any 
load  on  the  span  E  F  is  supported  partly  at  E,  and  the  sujiporting  force 
at  E  increases  directly  with  the  distance  of  the  load  from  F.  A  load 
unity  at  E  causes  a  dowuAvard  reaction  of  vv  at  C,  and  this  is  the 
shear  in  a.  The  ordinate  at  G  is  t^o-  that  at  H,  r-i,  and  that  at  B,  -{^. 
Hence  B'  H'  and  G'  E'  are  parallel  straight  lines,  and  the  same  is  true 
of  a'  B'  and  E'  F'.  For  the  maximum  tension  in  a,  the  span  A  C 
must  be  loaded,  and  also  the  span  C  B  from  D  to  some  point  between 
-Wand  O.  For  the  maximum  compression  in  a  (or  the  maximum  ten- 
sion in  the  counter)  the  remainder  of  the  bi'idge  must  be  loaded.  If 
the  load  is  uniform  we  have  simply  to  find  the  areas  A^,  A. 2,  A-j,  A^, 
and  we  have,  if  7  is  the  dead  and  p  the  live  load  per  running  foot. 

Maximum  tension  in  a  =  {g  -\-  j))  (^  1  -f  J  3)  —  g  {A2  -^  A^)  (33) 
Maximum  comjiression  in  o  =  (^  -j-  p)  (^„  -f-  ^4)  — g  [Ai  -\-  A3)  (34) 
If  the  actual  concentrated  loads  are  to  be  considered,  for  the  maxi- 
mum tension  D'  E'  must  be  heavily  loaded,  with  the  heaviest  loads 
nearest  to  O,  and  A'  C  must  be  also  fully  fully  loaded,  while  C  K' 
must  be  entirely  unloaded.  I  do  not  know  that  there  is  any  uniform 
practice  in  this  country  with  regard  to  cases  like  the  above,  where  the 
loaded  portions  of  a  bridge  are  separated  by  portions  entirely  unloaded. 
In  determining  the  maximum  stresses  in  contiuuous  girders,  alternate 
spans  must  be  loaded  and  unloaded,  and  in  Austria  it  is  fixed  by  law 
that  the  load  may  bo  divided  into  two  parts,  but  no  more.  In  the  above 
case  it  will  no  doubt  be  suflicieut  to  consider  the  actual  loads  to  cover 
one  portion  [A'  C  or  K'  B'),   and  the  uniform    load   the    other.^in 
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whichever  way  will  give  the  greatest  stress.  If  we  therefore  place  the 
concentrated  loads  on  A  G,  we  must  place  them  in  the  same  way  as  to 
cause  the  maximum  moment  at  B,  and  find  that  moment  M.  Then,  ac- 
cording to  what  has  been  said  on  page  48,  the  stress  in  the  bar  a  (in  tons) 
due  to  the  live  load  on  A'  C  will  be  too    ot  the  moment  M  (in  foot 

tons),  since  for  a  load  unity  at  B  the  moment  at  B  would  be  — ^rr^ — 

=  66j,  while  the  stress  in  a  would  be  iV,  and  therefore 

5 
Stress  :  jl/  : :  —  ;  66f 

Then  the  vertical  component  of  the  total  maximum  tension  in  a  (in 
tons)  would  be  {g  and  p  being  in  tons  per  running  foot) 

V=gA,  +  {g  +  p)A,-(/{A,+  A,)  +  ~lM  (35) 

We  might  then  try  the  concentrated  loads  on  K'  D'  and  the  uniform 
load  on  A'  C,  and  see  whether  we  obtain  a  greater  stress. 

The  same  method  would  be  api^licable  to  all  the  diagonals,  counters 
and  verticals  in  the  span  CD. 

In  the  projecting  portion  D  E,  the  influence  line  for  the  shear  in  the- 
bar  b  is  shown  in  Fig.  31b,  the  ordinates  at  E'  and  L'  being  unity.  In 
order  to  find  the  loadings  giving  the  maximum  stress,  a  simple  rule  may- 
be deduced;  thus  let  Gi,  G.^-,  G^  be  the  total  loads  on  EF,  F  L  and 
K  L  respectively.  Then  if  the  system  of  loads  be  moved  a  distance  (/  x 
to  the  left,  the  shear  in  h  will  be  increased,  provided 

G^i  tan.  ai,  >■  &3  tan.  a^  (36) 

""  fe>lx  "^> 

The  actual  stress  may  be  found  by  methods  already  explained. 

[b]  Stresses  in  the  Chords. — Fig.  31c  shows  the  influence  line  for  the 
stress  in  the  chord  piece  a'.  Two  influence  lines  may  be  plotted  for 
each  chord  piece  in  panels  where  there  are  counters,  one  on  the  suppo- 
sition that  the  counter  is  in  action,  the  other  on  the  supposition  that 
the  main  diagonal  is  in  action,  for  the  origin  of  moments  will  be  diflferent 
in  the  two  cases.  In  order  to  find  the  stress  due  to  any  given  loading, 
we  must  first  determine  which  diagonal  is  in  action  under  that  loading, 
and  then  use  the  corresponding  line  for  the  chords.  The  full  line  is 
for  the   case  when   the   main    diagonal   G   T  is  in  action,  the   dotted 
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line  for  the  case  when  the  counter  H  S  is  in  action.  It  is  evident  that  for 
the  maximum  tension  in  <>',  the  two  outer  spans  must  be  completely 
loaded,  and  the  center  span  entirely  unloaded;  further,  that  the  heaviest 
loads  must  be  in  the  span  A  C,  and  as  near  the  point  B  as  possible,  since 
the  ordinate  there  is  larger  than  anywhere  else.  We  must  therefore 
place  the  concentrated  loads  on  A  C,  and  the  uniform  load  on  DF.  On 
^  C  we  find  the  loading  causing  maximum  moment  at  B,  and  that  mo- 
ment M,  and  we  then  determine,  from  the  influence  line  for  the  diagon- 
als, whether  for  this  loading  the  main  diagonal  or  the  counter  is  in  ac- 
tion. In  this  case  it  will  probably  be  the  main  diagonal  F  G,  and,  suppos- 
ing this  to  be  the  case,  we  use  the  full  line  and  j^roceed  as  follows :  The 

40  p 
ordinate  atjB  is    ,  ^  ,     but  if  the  line  A'  B'  C  were  for  moments  at  B, 

12  h 

the  ordinate  at  the  i^oint  would  be ^rp-: =  G6|-,  hence  the  stress  in 

a'  due  to  the  load  on  ^4  C  will  be 

-^^-ts-T-  =  -^i^^-i-  (tons)  [M  in  foot  tons] 

12  h  20  h  "■ 

We  therefore  have  for  the  maximum  tension  in  (/' 

31  T) 

T maximum  =  g  A,—g  A.  +  [<j  +  p)  A^  -\-  -^q^-  (38) 

Similarly,  if  the   line  C"  G'  D'  were  for  moments,  the  ordinate   at 

32 
G'  ■\vould_bft  —  ^>,  and  if  3/,  is  the  maximum  moment  at  G' ,  the  stress 

in  a'  is  -—.     Supposing  that  for  this  loading  the  main  diagonal  T  G  is 

in  action,  the  maximum  compression  in  a'  is 

C  maximum  —  g  {A^ —  A^—  A-^)  +  -^  (39) 

All  the  chord  bars  may  be  readily  treated  in  this  manner.     Fig.  31a 

shows  the  influence  line  for  the  bar  b',  in  the  projecting  portion  D  F,  in 

which  portion  no  counters  are  necessary.    If  this  line  were  for  moments 

30 
at  F,  the  ordinate  at  that  point  would  be  — —  jy.  Hence  if  M^  is  the  maxi- 

mum  moment  at  £  on  a  span  L  F,  the  maximum  tension  in  b'  will  be 

h    '  30  p  ~    ■"*    h 


1    maximum  =  il/g^  .  .^t^— =1.3-^  (40) 


There  is  no  compression  in  this  bar. 


SWAIN  OlSr   STRESSES   IN   BRIDGES.  51 

Let  us  finally  consider  tlie  cantilever  shown  in  Fig.  32,  Plate  IV. 
The  projecting  portion  B  G  is  identical  with  the  portion  D  E  oi  Fig.  31, 
and  the  influence  lines  in  Figs.  32a  and  b  are  the  same  as  in  Figs.  31b 
and  D.  Fig.  32c  shows  the  influence  line  for  the  diagonal  a,  the  lines 
A'  H'  and  G'  C  being  parallel.  The  concentrated  loads  would  have  to 
be  placed  on  B  Din  the  same  way  as  would  cause  the  maximum  moment 
at  C,  and  on  ^  G^  in  the  same  way  as  would  cause  the  maximum  shear 
in  the  panel  jH"  6r.  We  may  therefore,  as  before,  try  the  concentrated 
loads  over  either  of  these  portions  and  the  uniform  load  over  the  other, 
and  take  whichever  gives  the  maximum  stress.  Fig.  32d  gives  the  two 
influence  lines  for  the  chord  bar  a',  according  as  the  main  diagonal 
or  the  counter  is  in  action,  and  the  remarks  on  this  matter  made  on 
page  49  apply  here. 

These  illustrations  are  sufficient  to  show  the  aj)plication  of  this 
method  to  cantilevers,  and  will,  I  think,  convince  any  one  that  when 
the  actual  loads  are  considered,  it  affords  the  easiest  solution. 

XIL     OONTINIJOUS   GlKDEKS,   ETC. 

As  these  structures  are  seldom  built  in  this  country  except  for  draw- 
l)ridges,  it  is  not  necessary  to  enter  into  a  full  and  complete  discussion 
of  the  calculation  of  stress  by  the  use  of  influence  lines.  For  concen- 
trated loads,  however,  it  will  be  found  that  the  method  is  very  conve- 
nient. Probably  the  simplest  procedure  is  to  find  the  reactions  for  a 
load  unity  at  different  points,  and  thus  draw  first  the  influence  line 
for  each  reaction.  This  will  enable  the  influence  line  for  the  stress  in 
each  bar  to  be  constructed,  after  which  the  loading  causing  maximum 
stresses,  and  the  stresses  themselves,  may  be  easily  obtained. 

Similar  remarks  will  apply  in  the  case  of  structures  such  as  arches, 
with  or  without  hinges.  For  the  three-hinged  arch,  which  is  statically 
determined,  this  method  is  by  far  the  easiest  of  application,  even  when 
uniform  loads  alone  are  considered.  In  this  case  it  may  be  shown  that 
the  influence  line  for  any  bar  consists  of  either  three  or  four  straight 
lines,  so  that  the  ordinates  have  to  be  found  at  only  two,  or  at  most 
three,  points.  The  lines  may  be  constructed  rapidly,  as  the  author 
knows  by  experience,  and  the  areas  are  easily  found.  For  concen- 
trated loads  there  are  some  cases  where  it  is  difficult  to  see  how  the  cor. 
rect  maximum  stresses  could  be  otherwise  determined- 
Ware  all  the  possible  examples  to  be  considered,  the  limits  of  this 
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paper  would  be  unduly  extentled.  Enougli  has  been  said,  however,  tO' 
bring  to  the  attention  of  the  profession  in  America  this  beautiful  and 
fertile  method. 

XIII.     Literature. 

In  closing,  a  list  of  the  works  and  papers  treating  on  this  subject,, 
so  far  ns  the  writer  is  acquainted  with  them,  is  appended,  that  those- 
who  desire  may  investigate  the  matter  more  in  detail.  The  list  is 
arranged  chronologically,  with  some  brief  notes. 

1.  Weyranch.     ''Allgemeine  Theorie  und  Berechnung   der  contiuuir- 

lichen  und  einfachen  Triiger,"  pp.  50  and  101.  1873.  (First  sug- 
gestion of  influence  lines  applied  to  continuous  girders,  but 
method  not  develoiied.) 

2.  Frankel.      "  jber  die  unglinstigste   Einstellung   eines  Systems  von 

Einsellasten  auf  Facliwerktvager,  mit  Hlilfe  von  Infiuenzeurven. " 
Der  CivUingeaieur,  1876.     (Method  quite  fully  developed.) 

3.  Winkler.      "  Beiti-ag  zur  Theorie  der  Bogentriiger."     Zeitschrift  des- 

Architekten  und  Ingenieurs  Vereius  zu  Hannover.  1879.  (Some 
remarks  on  influence  lines  applied  to  arches.) 

4.  Melan.     "Beitrag  zur  grai)hischen  Behandlung  der  Fachwerkstriiger, 

mit  Zugrundelegung  des  Principes  der  Infiuenzeurven."  Zeit- 
schrift des  Architekten  und  Ingenieurs  Vereins  zu  Hanover,  1880, 
p.  221.  (Application  to  i^arallel  and  curved-chord  bridges,  with 
some  interesting  results. ) 

5.  Stelzel.     "Theorie  einfacher,  statische  bestimmter  Briickentrager." 

Wien,  1880.  (Ajoplication  to  shears  and  moments  on  a  simi^le 
beam.) 

6.  Miiller— Breslaii.     "Theorie  und  Berechnung  der  eisernen  Bogen- 

briicken. "     Berlin,  1880.     (Application  to  arches.) 

7.  Winkler.      "  Theorie  der  gegliederten  Balkentriiger."     Wien,   1881. 

Second  edition.     (Fir.st  edition,  1875.) 

8.  "Handbuch  der  Ingenieur-wissenschaften."     Edited  by  Schiiffer  & 

Sonne.  Vol.  2,  Chap.  10.  Leipzig,  1882.  (Illustrates  influence 
curves  for  moments  and  shears  on  simjde  and  continuous  girder.si.) 

9.  W^inkler.     "tjber  die  Belastungs-Gleichwerthe  der  Briickentrager." 

1H84.  (Use  of  influence  lines  in  determining  the  equivalent  vni- 
form  load  for  bridges. ) 

10.  Winkler.     "Aeussere  Kriifte  der  Balkeufrager."    Wien,  1886.    Third 

edition.  (Second  edition,  1872  )  (Application  to  shears  and 
moments  in  simi^le  and  coutiiruous  girders.) 

11.  Midler — Breslau.      "  Die  ueuereu  IMethoden  der  Festigkeitslehre."^ 

Leipsig,  1886.  (Some  applications  to  continuous  girders,  and  to 
frames  Avitli  superfluous  bars.) 

12.  Levy.      "  La  Statique  graphique  et  ses  applications  aux  Construc- 

tions." Paris,  1886.  second  edition.  (Numerous  applications  of 
influence  lines  arc  given  in  thi'^  extensive  wcu'k.  the  second  edition 
of  which  reached  the  author's  hands  since  the  completion  of  this 
l)a])er.  Part  II  treats  of  a)q)lications  to  simple  and  continuous 
gird'  rs,  and  in  tlie  i)reface  further  aj^plications  to  arches  in  the 
parts  to  follow  are  iirumised.) 
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COMPRESSIVE   STRENGTH  OF  STEEL  AND   IRON. 


By  Chakles  A.  Makshall,  M.  Am.  Soc.  C.  E. 
Presented  fob  the  Anntjal  Convention,  July  1st,  1887.* 


The  experiments  which  form  the  basis  of  this  paper  were  undertaken 
with  the  object  of  discovering  the  relation  which  compressive  strength 
of  steel  bears  to  tensile  strength.  The  results  appeared  to  warrant  ex- 
tending the  investigation  to  include  wrought-iron,  and  sufficient  tests 
were  made  to  exhibit  the  analogy  between  the  two  kinds  of  material. 

No  attempt  has  been  made  to  test  full  sized  members  of  structures,  nor 
any  shapes  but  solid  rolled  bars  as  they  came  from  the  rolls,  except  in  a 
few  cases  where  the  bars  were  turned.  These  were  chosen  because  they 
are  the  simplest  possible  shajaes,  and  it  was  thought  that  by  eliminating 
complexity  of  form  and  all  treatment  of  the  specimens,  the  properties  of 
the  material  would  be  less  liable  to  be  obscured.  They  also  possess  the 
advantage  of  cheapness;  are  easily  obtainable;  and  permit  of  a  number  of 
tests  being  made  from  the  same  rolled  piece,  which  is  not  so  practicable 
with  larger  shapes.  Notwithstanding  the  limitation  as  to  shape,  the  re- 
sults are  believed  to  be  of  value,  because  they  clearly  show  the  relation 
sought  and  indicate  what  a^jpears  to  be  a  general  law,  which  is  at  least 
clearly  demonstrated  by  the  tests  so  far  as  solid  bars  are  concerned, 
namely,  that  the  elastic  limit  of  the  material  is  the  chief  factor  in  deter- 
mining the  ultimate  resistance  of  struts  of  ordinary  length  made  out  of 

*Thi8  paxier  wa8  [iresented  at  the  Annual  Convention  of  the  Society,  July,  1886,  and 
afterwards  withdrawn  and  rewritten  by  the  author  lor  the  Convention  of  July,  1887. 
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wrought-iron  or  steel,  excepting  the  very  hardest  kinds;  and  that  the 
two  quantities,  elastic  limit  in  compression  and  ultimate  compressive 
strength,  are  identical  within  a  considerable  range  of  length-ratio  of 
columns. 

The  writer  wishes  to  state  that  he  was  first  directed  to  this  law  by  Mr. 
James  E.  Howard,  well  known  as  the  engineer  in  charge  of  the  testing 
machine  at  Watertown  Arsenal.  In  reply  to  the  (luery,  "What,  from  his 
experience,  he  would  say  is  the  compressive  strength  of  wrought-iron?" 
that  gentleman  replied  that  he  thought  it  was  about  equal  to  the  elastic 
limit  of  the  material.  This  view  was  kept  in  mind  and  special  attention 
paid  to  elastic  limit  in  these  tests,  and  no  compression  test  is  included 
without  a  corresponding  tension  test. 

The  following  enumeration  of  Tables  and  Diagrams  giving  results  of 
the  tests  will  afford  an  idea  of  the  ground  covered  and  facilitate  refer- 
ence : 

Table  No.  1. — Seventy- four  flat-ended  compression  tests  of  28  differ- 
ent sizes  of  bars,  .44  to  6.0  square  inches  section,  all  from  same  blow  of 
Bessemer  steel.  Lengths  principally  2,  12,  18,  24  and  30  times  shortest 
diameter. 

Table  No.  2.  — Average  results  of  full  size  tensile  tests  of  the  28  dif- 
ferent bars  used  in  tests  of  Table  No.  1. 

Table  No.  3.  — Twenty-one  flat-ended  compression  tests  of  wrought- 
iron  bars,  9  different  sizes,  made  from  scrap.  Length  2,  12,  18,  24,  30 
and  36  times  shortest  diameter. 

Table  No.  4. — Fourteen  tensile  tests  of  the  9  bars  of  Table  No.  3, 
made  on  full  size  pieces  cut  from  each  bar. 

Table  No.  5. — Thirty-seven  flat-ended  compression  tests  of  small 
steel  bars  from  18  different  casts  of  steel,  ranging  from  the  softest  open- 
hearth  steel  of  46  000  pounds  tensile  strength*  to  high  carbon  steel  of 
144  000  pounds  tensile  strength,  also  seven  tests  of  two  different  qualities 
of  iron.     Lengths  principally  3  times  and  12  times  the  diameter. 

Table  No.  6. — Tensile  tests  of  each  bar  or  set  of  bars  used  in  tests 
Table  No.  5.  Those  bars  bearing  laboratory  numbers  from  329  to  559 
were  rolled  in  sets  of  four  from  each  heat  and  cut  into  test  i)ieces, 
which  were  afterwards  numbered  indiscriminately.  Several  of  each  set 
had  been  broken,  showing  very  uniform  results. 

Table  No.  7. — Compression  tests  of  bars  12  inches  long  by  1  inch 
squai'e,  (!ut  from  each  one  of  9  rods  rolled  from  the  same  blow  of  Cam- 
bria 70  OOO-pounds  Bessemer  steel ;  also  similar  tests  from  each  of  20 
bars  from  a  uniform  lot  of  iron  purchased  from  Union  Iron  Mills  of 
Pittsburg. 

Table  No.  8. — Hinge-ended  compression  tests  of  34  specimens  1-inch 
square  as  from  rolls,  lengths  varying  from  16  to  60  inches,  cut  from  the 
same  steel  rods  described  under  Table  No.  7.  These  will  be  referred  to 
as  "Series  W." 

Table  No.  9.  — "  Series  K,"  in  all  respects  similar  to  Series  W,  sjieci- 
mens  being  cut  from  the  iron  rods  described  under  Table  No.  7. 

*  All  statements  of  Ktresses  and  strengths  in  this  paper  are  in  pounds  per  square  inch, 
the  actual  loads  being  omitted  for  the  sake  of  brevity. 
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Table  No.  10. — Detail  of  tensile  test  of  1-incli  square  steel  from  bar 
W  5,  Series  W. 

Table  No.  11. — Detail  of  compression  test  of  l-incli  square  steel  4.02 
inches  long  from  bar  W  5,  Series  W. 

Table  No.  12. — Detail  of  tensile  test  of  1-incli  square  iron  from  bar  K 
11,  and  summary  of  tensile  test  of  K  5,  Series  K. 

Table  No.  13. — Detail  of  compression  test  of  1-inch  square  iron, 
3.984  inches  long,  from  bar  K  11,  Series  K. 

Table  No.  14. — Detail  of  compression  test  of  laboratory  No.  2  336a, 
1-inch  round  steel  12  inches  long.     (Compare  Table  No.  5.) 

The  foregoing  will  be  found  at  end  of  the  paper. 

Tables  Nos.  15,  16  and  17. — Moduli  of  steel  and  iron  bars  in  tension 
and  comj)ression,  described  where  introduced. 

Plates  V,  VI,  VII,  VIII  and  IX  give  test  diagrams  for  several  of 
the  different  classes  of  material  experimented  with,  the  principal  re- 
sults of  the  tests  being  also  recorded  in  Tables  Nos.  5  and  6.  In 
each  case  the  tensile  test  is  plotted  as  ordinarily,  and  also  plotted 
so  as  to  show  stress  per  square  inch  upon  the  reduced  diameter,  abscis- 
sas I'epresenting  jjercentage  of  stretch  and  ordinates  the  stresses.  The 
compression  test  of  a  round  specimen  3  diameters  long  is  similarly  plot- 
ted to  exhibit  stress  upon  enlarged  diameters,  as  well  as  referred  to 
original  diameter.  The  early  part  of  the  tensile  test,  including  passage 
of  the  elastic  limit,  is  shown  also  with  the  horizontal  scale  magnified 
ten  times,  and  with  it  is  given  the  compression  test  of  a  specimen  usually 
12  diameters  long. 

Plate  X  is  a  graphical  exhibit  of  the  maximum  resistances  of  bars 
covered  by  Table  No.  8,  Series  W. 

Plate  XI  is  a  graj^hical  exhibit  of  the  maximum  resistances  of  bars 
covered  by  Table  No.  9,  Series  K;  also  graphical  exhibit  of  a  series  of 
tests  on  3-inch  square  iron  bars  made  at  Watertown  Arsenal,  a  summary 
of  which  can  be  found  on  page  118  of  the  Report  of  Tests  at  Watertown 
Arsenal  for  1883. 

Plate  XII  shows  the  form  of  rocker-bearing  used  in  the  hinge- 
end  tests.  Its  jjeculiarity  is  that  the  axis  of  the  pin  is  in  the  plane  of 
end  bearing,  square  ended-specimens  being  used.  Thus,  while  saving 
the  expense  of  boring  the  specimens,  all  doubt  as  to  effective  length  of 
specimen  is  eliminated,  and  the  pin  friction  has  its  proper  effect  the 
same  as  if  specimens  were  bored. 

The  pins  are  of  hard  steel,  well  fitted  and  lubricated  with  a  mixture 
of  plumbago,  tallow  and  oil;  hence,  although  their  diameter  is  large  as 
compared  with  the  specimens  used,  pin  friction  is  very  small. 

All  the  tests,  except  those  from  the  Watertown  Report  referred  to 
above,)  were  made  in  the  testing  laboratory  of  the  Cambria  Iron  Com- 
pany, Johnstown,  Pa.,  by  whose  kind  permission  I  am  enabled  to  lay  the 
results  before  this  Society. 

A  vertical  Emery  Testing  Machine  of  300  000  pounds  capacity  was 
used  for  all  except  a  very  few  of  the  smaller  tensile  specimens,  which 
were  tested  on  a  Gill  machine  of  100  000  pounds  capacity. 

All  specimens  whose  modulus  of  elasticity  is  recorded  in  the  tables  had 
their  change  of  length  up  to  and  for  a  short  distance  beyond  the  elastic 
limit,  measured  with  an  electric  double  micrometer  designed  by  the 
writer,  which  reads  to  the  jiru ^o  of  an  inch,  though  it  is  not  claimed 
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to  be  thoroughly  reliable  closer  than  .0001  inch.     The  mode  of  testing 
is  fairly  exhibited  in  Tables  Nos.  10  to  14. 

The  diagrams  were  plotted  accurately  on  engraved  cross-section 
pajjer.  They  -were  traced  and  the  jslates  are  photo-lithographs  of  the 
tracings. 

The  short  compression  specimens  were  removed  and  measured  with 
a  measuring  machine  for  shortening  after  each  load  had  been  ajji^lied 
one  minute  or  longer,  usually  a  minute,  and  were  measured  a  number 
of  times  during  later  part  of  test  to  determine  enlarged  area.  The 
diagrams  "per  square  inch  actual"  were  thus  not  so  comjiletely  deter- 
mined as  the  others,  but  are  however  accurate  enough  to  exhibit  fairly 
the  comparative  behavior  under  tension  and  compression.  After 
passing  the  elastic  limit  the  molecular  stress  is  seen  to  be  greater  for  a 
given  change  of  length  under  comijression  than  under  tension,  vmtil 
near  the  end  of  tensile  test  the  ultimate  tensile  molecular  stress  is 
seen  to  be  greater  than  could  be  obtained  with  sjjecimens  3  diameters 
long,  except  in  case  of  the  spring  steel,  where  the  two  are  nearly  equal. 
The  closest  agreement  is  in  the  case  of  the  ductile  stay-bolt  iron,  and  the 
widest  divergence  in  case  of  the  hard  iron  made  from  scrap. 

Before  referring  more  in  detail  to  the  tests,  it  will  be  well  to  define 
elastic  limit  as  noted  in  the  tables  and  as  used  in  this  paper.  Wherever 
there  are  no  qualifying  terms,  the  limit  referred  to  is  what  is  sometimes 
called  iirincii^al  elastic  limit,  sometimes  j^rimitive  elastic  limit. 

"Elastic  limit  by  beam  "  is  the  same  thing  when  i^roi^erly  taken  on 
soft  material. 

"  Elastic  limit  by  micrometer,"  in  the  few  cases  of  hard  steel  where  it 
is  noted,  is  that  point  where  the  change  in  increment  of  length  due  to  a 
certain  increment  of  load  is  most  marked,  that  being  the  phenomenon 
which  bears  closest  resemblance  to  the  principal  elastic  limit  of  softer 
material,  the  difference  being  a  difference  of  degree. 

In  connection  with  this  part  of  the  subject,  attention  is  directed  to  two 
phenomena  exhibited  clearly  in  all  the  diagrams  of  Plates  Y  to  IX 
excej^tiug  that  of  the  spring  steel.  First. — When  a  load  equal  to  the 
elastic  limit  of  any  of  these  materials  is  imposed  and  allowed  to  remain 
for  some  time,  it  causes  permanent  change  of  length,  amounting,  it  is  be- 
lieved, to  much  more  than  has  been  generally  understood,  and  which  is 
api^arently  a  very  definite  qiiantity  for  each  case.  Second. — This  change 
of  length  having  begun  under  a  load  equal  to  elastic  limit,  will  continue 
under  a  less  load. 

The  jjlotted  tests  in  tension  were  all  so  made  as  to  develop  the 
amount  of  this  stretch;  and  it  is  demonstrated  in  the  cases  of  the 
100  000-pound  steel,  the  67  OOO-iiound  steel,  and  the  hard  iron  made 
from  scrap,  that  the  total  is  obtained  equally  as  well,  though  requiring 
greater  length  of  time,  with  a  load  1  000  or  500  poiinds  less  than  prim- 
itive  elastic   limit  as   with  a  load  equal  to  that  limit.     This  becomes 
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clear  from  the  diagrams,  when  it  is  understood  that  the  loads  just 
above  the  limit  were  each  allowed  a  minute  or  more  in  which  to  develop 
stretch. 

Time  is  noted  on  some  of  the  diagrams  sufficiently  to  give  a 
general  idea  of  the  variations  in  speed  of  stretching  under  different 
loads  and  at  different  periods.  It  is  seen  that  for  the  same  duration  of 
api^lication  the  less  loads  cause  less  change  of  length.  In  all  the  ten- 
sion and  some  of  the  compression  diagrams  will  be  seen  points  where 
the  load  was  partly  taken  off  and  then  raised  by  increments  in  order  to 
exhibit  the  second  of  the  phenomena  referred  to. 

The  amount  of  stretch  at  elastic  limit  as  taken  from  the  tension 
diagrams : 

For  the  100  000-pound  steel 0.3    per  cent. 

"      80  000  "  1.4 

"       67  000  " 1.85 

For  hard  iron 1.3  " 

"   soft  iron 2.3    -       " 

It  is  to  be  regretted  that  the  same  mode  of  testing  was  not  followed 
with  the  shortest  compression  si^ecimens,  but  in  those  which  are  plotted 
each  load  was  ajlowed  to  act  for  only  about  one  minute,  hence  the  exact 
amount  of  change  of  length  at  limit  is  not  clearly  shown.  It  apparently 
varies  from  near  equality  with  that  under  tension  to  about  half  as  much. 
The  soft  iron  shows  near  equality,  the  hard  iron  considerably  less;  the 
steels  near  equality,  excepting,  perhaps,  the  80  000-pound  steel.  The 
detail  test  reports,  Tables  Nos.  10  to  13,  furnish  the  following  accurate 
comparison: 

In  tension,  steel  W  has 2 .  11  ptr  cent. 

"compression       "         "     2.05         " 

"tension,  iron  K    "     1.38         " 

"^compression,       "        "     0.57         " 

It  is  noticeable  that  the  specimens  under  compression  reach  their 
maximum  change  of  length  under  constant  load  in  less  time  than  those 
under  tension.  This  appears  to  be  due  partially  to  more  rapid  action, 
but  is  more  attributable  to  difference  in  length  of  specimen . 

These  phenomena  may  appear  trivial  to  sojne,  but  the  writer  con- 
siders that  they  furnish  the  key  to  his  subject,  and  hence  attention  is 
further  directed  to  the  behavior  of  the  specimen  at  elastic  limit. 

Let  us  follow  the  course  of  an  experiment  for  determining  elastic 
limit  without  the  use  of  measuring  instruments.  With  steel  bars  hav- 
ing roll  scale  on,  this  can  iisually  be  done  with  certainty  and  dispatch, 
by  setting  the  speed  of  straining  very  small  and  watching  the  gradual  and 
continual  rise  of  load  till  suddenly  the  load  either  ceases  to  rise  or  else 
drops  materially.  Either  the  first  phenomenon  or  the  second  is  taking 
place  and,  as  all  familiar  with  testing  Avould  recognize,  the  elastic  limit 
is  reached.     It  is  "elastic  limit  by  beam,"  and  this  mode  of  test  is  prob- 
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ably  more  used  than  any  other.  Watch  should  always  be  keiDt  for  the 
appearance  of  "scaling,"  that  is  the  breaks  in  continuity  of  the  roll 
scale,  which  it  ajjpears  is  able  to  stretch  without  breaking  (in  case  of 
steel)  up  to  elastic  limit  of  the  steel,  but  is  far  too  brittle  to  maintain  its 
integrity  under  anything  like  one-half  per  cent,  of  stretch.  The  roU 
scale  on  iron  seems  to  be  more  brittle  than  is  usual  on  steel,  and  some- 
times begins  to  drop  off  before  elastic  limit  is  reached.  When  consider- 
able scaling  near  ends  of  specimen  and  drop  of  beam  first  occur  simul- 
taneously, the  indication  of  elastic  limit  is  absolute.  Certain  imjiortant 
conditions,  however,  are  necessary  in  using  this  mode  of  determination.* 

For  an  example  of  how  minute  a  permanent  set  is  sufficient  with  the 
api^aratus  used  to  indicate  elastic  limit  by  this  method  see  Table  No. 
11,  where  a  connect  indication  was  had,  and  the  specimen  being  re- 
moved immediately,  showed  .0035  inch  total  shortening. 

It  is  of  importance  to  note  that  this  change  of  length  of  which  we 
have  been  speaking,  is  invariably  local  and  progessive  in  its  action. 
Thus  the  sealing  can  be  watched  as  it  proceeds  from  the  ends  of  a  ten- 
sion or  comi^ression  specimen  towards  the  center,  and  the  writer  has 
often  demonstrated,  by  means  of  micrometer  measurements,  that  the 
central  portion  of  the  piece  is  undergoing  no  permanent  change  of 
length  so  long  as  the  roll  scale  remains  unbroken  between  measuring 
points,  and  also  that  as  soon  as  the  ^progressive  action  has  i^roceeded  till 
the  lines  of  rupture  of  scale  meet  at  the  middle  of  length,  the  whole  at- 
tainable stretch  has  been  had,  excejjt  an  inappreciable  fraction.f  The 
load  usually  fluctuates  while  this  is  going  on. 

If  now  one  tries  to  imagine  a  free  strut  of,  say,  20  diameters  long,  of 
whatever  shape  undergoing  this  change  of  length,  bearing  in  mind  its 
local  progressive  character,  it  requires  no  great  effort  of  reason  to  con- 
clude that  if  the  strut  at  end  of  the  shortening  (when  it  is  ready  to  show 
increased  resistance)  is  straight,  such  would  be  a  purely  accidental  result. 

*  Thus  if  the  roll  scale  is  red  in  color  from  whatever  cause,  it  will  afford  a  poor  indica- 
tion of  elastic  limit;  such  scale  or  rust  possesses  very  little  coherency  in  itself,  and  is  more 
strongly  attached  to  the  metal.  Also  a  loose  risiDg  scale  is  not  permissible.  Reheating  or 
tempering  spoils  the  scale  for  this  purpose. 

The  indication  is  not  accurate  with  very  hard  materials;  it  may  be  used  as  a  guide  and 
comparative  test  of  steels,  but  does  not  furnish  a  proper  quantity  to  base  deductions  or  cal- 
culitions  upon  as  regards  the  cons'ructive  value  of  the  material.  (See  Tables  Nos.  5  and  6  for 
examples  of  spring  steel.)  Some  irons,  such  as  are  grauulur  or  brittle,  may  easily  cause 
erroneous  tests  by  this  method. 

The  specimen  must  not  be  crooked,  and  the  grips  must  be  in  good  condition.  This, 
however,  is  of  less  importance  when  the  roll  scale  is  of  the  best  character,  since  by  wailing 
for  appearance  of  the  sealing  on  body  of  specimen,  and  noting  the  load  at  that  time,  the 
projier  determination  can  be  nade. 

The  speed  of  straining  must  bo  well  known  by  experience,  and  must  never  be  too  great. 

The  writer  uses  an  instrument  to  show  change  of  length  whenever  there  is  danger  that 
any  of  the  conditions  are  unsuitable. 

t  A  curious  fact  is  that  these  lines  develop  themselves  at  an  angle  of  4.5  degrees  in  ten- 
sion and  90  degrees  to  axis  in  compression  usually. 
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In  a  very  few  of  the  steel  flat-eaded  tests  recorded  in  the  tables,  where 
the  length  did  not  exceed  12  diameters,  such  a  condition  existed ;  these 
specimens  usually  assumed  later  an  S -curve  and  gave  a  little  higher 
maximum  load  than  those  which  behaved  in  the  usual  way,  i.e.,  which 
bent  at  some  point  soon  after  scaling  commenced  at  the  ends,  and  pro- 
ceeded to  scale  on  the  interior  of  curve  each  way  toward  ends  as  well  as 
from  the  ends  on  the  opposite  side,  producing  the  well  known  reversed 
curve  tangent  to  axis  at  the  ends  common  to  flat  and  fixed-ended  struts, 
and  which  is  called  in  the  tables  "orthodox."  The  iron  specimens  in 
Table  No.  7,  Series  K,  aiford  several  instances  of  a  fair  degree  of 
straightness  being  maintained.  The  other  irons  tested  afford  compara- 
tively few,  but  on  the  whole  iron  bars  seem  more  likely  to  behave  in 
that  manner  than  steel.* 

In  Tables  Nos.  1,  3,  5  and  6,  are  columns  whose  heading  requires 
some  explanation.  That  called  "Load  per  square  inch  at  failure,"  is 
neither  more  nor  less  than  elastic  limit  "  by  beam,"  as  above  described. 
But  in  view  of  the  subsequent  falling  of  the  load  and  considerable 
bending  that  usually  takes  j)lace,  and  of  the  fact  that  the  same  load  is 
the  maximum  in  every  case  in  those  tables  of  a  bar  longer  than  12 
diameters,  it  is  described  as  "  failure."  The  phenomenon  certainly  im- 
I)resses  one  as  failure  when  it  is  seen.  It  is  not  total  failure,  nor  in  all 
cases  final  failure,  but  it  is  failure  for  the  time  being  to  sustain  the 
maximum  hitherto  imposed  load.  By  continuing  the  test  in  those  cases 
where  the  bar  receives  an  accession  of  stiffness  caused  by  the  most 
highly  distorted  portions  having  completed  the  change  of  state  at  primi- 
tive elastic  limit,  and  taken  on  a  new  higher  limit,  sometimes,  and  more 
often  in  case  of  iron  than  steel,  another  maximum  load  is  obtained, 
sometimes,  though  not  always,  exceeding  the  load  at  first  failure.  This 
is  noted  as  "second  maximum."  In  some  cases  perhaj^s  a  mere  fluctua- 
tion of  elastic  limit  was  mistaken  for  a  true  second  maximum.  The 
second  maximum  is  likely  to  be  higher  in  bars  which  remain  straight 
or  take  an  S-curve  during  passage  of  elastic  limit,  as  described  in  the 
preceding  paragraph. 

Turn  now  to  Tables  Nos.  1  and  2.  These  are  held  to  furnish  clear  and 
jjositive  i^roof  that  crippling  strength  does  not  depend  upon  nor  bear  any 
definite  ratio  to  iiltimate  tensile  strength,  while  the  close  agreement  of 
the  quantities  in  columns  7,  8, 9  and  10  establish  the  first  part  of  the  gen- 
eral law  stated  in  the  second  paragrajjh,  or  to  state  it  again  in  slightly 

*  It  sounds  paradoxical,  but  the  explanation  probably  is  because  of  the  greater  homo- 
geneity of  the  steel.  Thus  the  boundary  surface  between  the  crippled  and  uncrippled  por- 
tions of  metal  in  case  of  steel  will  be  regular  and  comparatively  smooth,  and  in  case  of  the 
fibrous  and  less  homogeneous  iron  may  be  irregular  and  covered  with  indentations,  or 
points  of  uncrippled  metal  projecting  into  the  crippled  or  flowed  metal.  It  is  not  difficult 
to  see  how  this  may  cause  the  iron  to  keep  in  line  better.  The  layer  or  extremely  short 
prism  of  iron  or  steel  undergoing  change  of  state  at  any  instant  may  be  regarded  as  in  un- 
stable equilibrium. 
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different  language,  tlie  crippling  strengtli  of  steel  in  the  form  of  mod- 
erately long  struts  is  approximately  equal  to  the  elastic  limit  of  the 
material.  Column  7  was  derived  from  sjiecimens  only  two  diameters 
long.  The  tendency  is  with  very  short  specimens,  either  in  tension  or 
compression,  to  get  too  high  values  for  elastic  limit.  Nevertheless  the 
greatest  excess  of  any  qauntity  in  that  column  over  the  corresponding 
tensile  elastic  limit  is  3  423  pounds  and  the  average  excess  is  1  370 
jjouuds.  The  quantities  in  column  9  for  specimens  12  diameters  long  are 
believed  to  he  more  closely  the  true  compressive  elastic  limit.  The 
greatest  differences  between  any  corresponding  quantities,  column  9 
minus  column  8,  ai*e  +  2  620  and  —  1  632,  with  an  average  diiference  of 
about  +  480. 

Inspection  of  column  10  in  comparison  with  column  9  discloses 
that  rarely  does  the  bar  exhibit  any  higher  resistance  than  the  elastic 
limit  when  12  diameters  long  or  over.  By  referi'ing  to  Column  6  it  will 
be  seen  that  such  bars  as  failed  to  show  crippling  strength  as  great  as 
elastic  limit  in  tension,  generally  had  some  defect;  or,  as  noted  in  one 
instance,  there  was  failure  to  stress  squarely. 

The  material  for  these  tests  all  possessed  the  same  constitution, 
being  from  one  blow  of  steel,  and  is  very  uniform,  as  shown  by  the 
small  variation  in  ultimate  strength,  less  than  6  000  pounds,  notwith- 
standing the  wide  range  of  thickness  and  sectional  area.  The  tables 
bring  out  the  fact  that  elastic  limit  varies  more  with  size  of  bar  than 
does  any  other  property  of  the  metal,  and  there  are  but  two  exceptions 
to  the  rule  that  the  thicker  the  bar  the  lower  the  elastic  limit  and 
ultimate  strength. 

Table  No.  4  shows  that  the  same  law  applies  to  iron,  though  the  excep- 
tions are  more  numerous  and  the  material  evidently  much  less  uniform 
than  the  steel.  Elastic  limit  varies  11  260  pounds  and  ultimate  strength 
9  280  pounds  (excluding  specimen  2  193,  whose  low  strength  is  evidently 
caused  by  a  sliver  on  the  corner  of  bar).  There  are  some  irregularities 
in  each  series  to  be  accounted  for  by  irregularities  in  the  heating  and 
rolling.  Neither  is  ofiered  as  exhibiting  the  proi)er  numerical  relations 
of  strength,  etc.,  of  bars  of  the  same  material  differing  in  size. 

In  Table  No.  3  each  compression  test  in  column  9  of  a  jiiece  12  diam- 
eters long  is  in  excess  of  the  corresponding  tensile  elastic  limit,  the  max- 
imum excess  being  1  905  and  the  average  880  pounds.  Out  of  13  cases 
12  diameters  long  all  but  two  have  a  second  maximum  higher  than 
elastic  limit  in  compression. 

Tables  Nos.  5  and  6  need  little  explanation.  They  serve  to  extend 
the  application  of  our  law  from  the  softest  material  called  steel  up  to 
steel  of  100  000  i)ounds  strength,  thus  covering  the  whole  range  of 
structural  steels.  Spring  steel  of  144  000  i)ounds  strength  is  an  excej)- 
tion  to  the  law.  The  consideration  tliat  change  of  state  takes  place 
very  gradually  and  at  no  one  definite  load,  causing  a  gradual  rounding 
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of  tlie  diagram  witlioufc  any  sucli  horizontal  portion  as  shown  by  the 
other  materials  (notwithstanding  efforts  were  made  to  develop  it)  shows 
this  to  be  the  exceiitiou  that  proves  the  rule. 

Table  No.  7  calls  for  no  further  explanation,  save  that  one  case  of  a 
hinge-ended  bar,  which  bent  along  axis,  is  included  as  flat-ended.  The 
average  excess  of  maximum  resistance  over  compressive  elastic  limit  for 
fiat-ended  steel  bars  is  757  pounds;  hinge-ended  steel  bars,  395  pounds; 
flat-ended  iron  bars,  3  171  poimds;  and  hinge-ended  iron  bars,  1  807 
pounds. 

Before  discussing  the  series  of  bars  of  varying  length  whose  results 
are  plotted,  the  modulus  of  elasticity  claims  attention,  This  property 
of  material  has  been  the  subject  of  much  loose  thought,  and  widely  dis- 
cordant data  have  been  made  public.  Many  of  the  widely  varying  fig- 
ures, quoted  as  modulus  of  elasticity,  have  been  deduced  from  experi- 
ments in  bending  stress  by  the  common  theory  of  beams,  and  consider- 
ing that  this  theory  yields  values  for  ultimate  tensile  or  compressive 
stress  which  are  iu  error  sometimes  to  the  extent  of  50  per  cent,  or 
more,  we  are  justified  in  throwing  aside  this  as  no  method  of  determining 
Young's  modulus. 

Engineers  are  to-day,  however,  in  possession  of  enough  data  derived 
from  direct  tensile  experiments  to  give  fairly  correct  averages  for  iron 
and  steel.  Still  in  one  point  many  deductions  are  incorrect,  because  the 
total  change  of  length  upon  first  application  of  loads  has  been  used  in 
the  calculations,  instead  of  the  change  of  length  recovered  upon  release 
of  load.  The  quantity  determined  by  the  first  of  these  two  modes  of 
calculation  will  be  called  modulus  of  extension  or  of  compression,  as  the 
case  may  be.  That  by  the  second  mode  is  the  modulus  of  elasticity  {E) 
in  tension  or  in  compression.  The  two  differ  more  widely  in  long  and 
large  pieces  than  in  light  sections,  and  more  in  iron  than  steel,  so  far  as 
the  writer's  observations  have  extended.  The  cause  of  the  difference  is 
doubtless  the  presence  of  internal  strains,  which  are  more  or  less  re- 
lieved by  introduction  of  permanent  sets  upon  even  a  single  application 
of  stress,  and  which  are  greater  in  large  and  complicated  sections  than 
light  ones,  and  to  all  appearances  greater  in  iron  than  steel,  comparing 
the  same  size  of  pieces.  The  difference  under  tension  on  small  bars  is 
on  the  average  very  small. 

In  Tables  Nos.  15  and  16  following,  have  been  collated  for  compari- 
son all  the  available  determinations  elsewhere  appearing  in  this  paper. 
The  averages  in  tension  bear  out  the  last  statement.  The  range  of  load 
upon  Avhich  calculations  were  based  varied  somewhat,  but  may  be 
roughly  stated  as  from  5  000  pounds  per  square  inch  to  three-fourths  of 
the  elastic  limit.  Above  that  load  the  modulus  of  extension  will  often 
decrease  in  value,  though  many  specimens  hold  to  one  modulus,  very 
close  up  to  elastic  limit.  As  regards  the  true  modulus  E,  it  is  sensibly 
constant  up  to  the  elastic  limit,  and  its  variations  for  different  kinds  of 
steel  are  insignificant. 
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TABLE    No.  15. 

Comparison  of  Moduli  for  Tension  and  Compression  Steel  Bars. 
First:    Ultimate  strength  100  000  or  under. 


Laboratory 
No. 

09 

1     rd. 

15  sq. 

1     rd. 

1    rd. 

ilrd. 

^rd. 

la  sq. 
1     rd. 
1     rd. 
1     rd. 
1    rd. 

\ll 
1    rd. 

^sq. 
1     Bq. 

li  sq. 
3X    g 
3X    i 
3X.ll 
3X  li 

E. 

Tension  iu 

1  000  lbs. 

Modulus  of 

Extension   in 

1  000  lbs. 

Laboratory 
No. 

is 

5.° 

o 
O 

Modulus  of 

Compres.'iiou  in 

1  000  lbs. 

Remarks. 

329 
346 

484 

455 
464 
497 
2336 
2352 
2345 
2337 
W  5 
1667 

1701 
1702 
1721 
1722 

30.420 
29.850 
29.500 

29.150 
29.800 
29.640 
29.630 
29.9G0 
30.420 
30.370 
30.420 

30.190 
29.850 
29.280 

29.830 
29.670 
29.420 
29.550 
29.240 
29.400 
30.000 
29.630 

29!356 
29.640 
29.410 
29.S60 

331 
348 
476 
479 
457 

503 
2336a 
2352a 
2345a 
2337a 

1667a 

1669a 

1.595a 

1.587 

1583 

29.740 
29.010 
29.420 
29.200 
29.420    ' 

28.670 
28.830 
30.490 
29.790 
29.810 

27.880 
27.590 

28.950 
28.920 

29.450 
28.070 
28.780 
28.950 
28.580 

28.380 
28.680 
30.070 
28.980 
29.260 

27.590 
28.780 
27.740 
2H.080 
28.780 

Strip  from  bar. 
<< 

29.928 

29.621 

29.123 

28.678 

Average. 

Second :  High  Carbon  Spring  Steel.    Ultimate  strength  144  000. 


512 

1     sq. 

29.960 

29.850 

548 

1     rd. 

29.760 

29.480 

659 

29.330 

28.880 

549 

1    rd. 

29.580 

29.390 

547 

29.200 

28.880 

684 

1     sq. 

29.850 

30.530 

576 

."nsq- 

29.420 

28.880 

573 

29.220 

29.090 

574 

i1j  sq. 

29.200 

29.200 

679 

29.350 

29.090 

29.462 

29  555 

29.275 

28.985 

Average. 
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TABLE   No.   16. 


Comparison  of  Moduli  for  Tension  and  Comi^ression — Iron  Bars. 


oratory 
No. 

ar.    Inch. 

E. 

Rion   in 
00  lbs. 

ulus  of 
ision  in 
00  lbs. 

o 

o  'A 

E. 

ession  in 
JO  lbs. 

a 

:-    X  —, 

Remarks. 

.a 

;= 

c  o 

■a  so 

^ 

-2 
o 

^ 

.2 

H-^ 

1^" 

C3 
Hi 

gg-H 

O 

O 

2157 

^  rd. 

27.500 

23.800 

2158 

26.160 

25.840 

2160 

jrd. 

27.410 

26.980 

2159 

26.240 

25.920 

2161 

1     rd. 

26.700 

2162 

26.440 

25.670 

2165 

1    rd. 

27.540 

27.540 

2163 

26.350 

26.020 

2195 

|sq. 

28.990 

2196 

27.420 

2198 

u^sq. 

29.180 

27.790 

2197 

27.790 

25.6.50 

2167 

1     sq. 

27.9110 

27  800 

2168 

27.300 

26.490 

2171 

1     sq. 

28.290 

28.290 

2169 

27.990 

27.100 

2306 

1     rd. 

28.570 

27.590 

2307 

28.570 

27.250 

2308 

1     rd. 

28.480 

28.290 

2309 

28..'i70 

27.430 

2310 

1     rd. 

28.480 

26.580 

2311 

28.180 

26.500 

2390 

ird. 

30.190 

30.190 

2391a 

29.910 

29.520 

|rd. 

2391b 

30.120 

29.710 

Kll 

1     sq. 

27.9i6 

2^.070 

28.179 

27.992 



27.802 

26.963 

Average. 

M 


ilARSHALL   ON    COMP.   STEESGTH    OF   STEEL   AXD    IROX. 


The  following  data  from  a  large  number  of  consecutive  determina- 
tions of  modulus  of  extension  of  standard  J-inch  round  test  bars,  one 
from  each  heat  of  steel,  made  in  1885,  show  the  narrow  range  of  aver- 


ages for  the  different  kinds  of  steel. 


TABLE    No.  17. 

Modulus   of   Extension  of    Steel  Bars. — Cambria  Iron    Cojipany- 
Testing  Laboratory,  Johnstown,  Pa.  ,  1885. 


Number 

Average 

of  heats. 

carbon. 

33 

.09 

89 

.34 

8 

.11 

107 

.27 

25 

.72 

Modulus  of  extension. — Pounds  per  square  inch. 


Lowest  value. 


28  750  000 

28  1-10  000 

29  2)0  000 
28  310  000 
28  680  000 


Eisbest  value. 


31  510  000 
30  010  0(10 

30  C70  000 

31  180  000 
30  860  000 


Average  value. 


29  921  000 

29  072  000 

30  020  0(  0 
29  996  000 
29  919  000 


Kind  of  steel. 


Bessemer, 
Open  Hearth. 


Table  No.  17,  besides  furnishing  numerical  values  very  close  to  the 
real  modulus  E,  shows  that  Bessemer  steel  has  lower  average  modulus 
of  elasticity  than  good  open-hearth  steel.  It  shows  also  the  general 
law  that,  other  things  being  equal,  the  greater  the  content  of  carbon  in 
the  steel  the  lower  is  the  modulus  of  elasticity. 


t 
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Some  further  data   extracted  from  the  laboratory  records,  and  re- 
lating to  iron,  may  also  be  quoted: 

Thirty  tests  on  specimens  cut  from  iron  angles  and  channels  of  good 
quality  ranged  in  modulus  of  extension  from  26  740  000  to  30  510  000, 
with  an  average  of  28  753  000. 

Eleven  tests  of  eye-bar  iron  of  good  quality  ranged  in  modulus  of  ex- 
tension from  27  510  000  to  30  370  000,  with  an  average  of  28  797  000. 

Six  tests  of  |-inch  plate-iron  of  not  very  good  qualitv,  ranged  in 
modulus  of  extension  from  25  880  000  to  27  000  000,  with  an  average 
of  26  573  000. 

The  above  determinations,  including  Table  No.  17,  were  all  made  on 
Gill  knife-edge  testing  machine  with  the  same  micrometer  as  used  in  the 
tests  specially  made  for  this  investigation. 

We  come  now  to  Tables  Nos.  8  and  9  and  Plates  Nos.  X  and  XI» 
Series  W  and  series  K  are  accurately  com^^arable;  size  and  condition  of 
specimens,  apparatus  and  mode  of  testing  being  the  same  in  both.  They 
differ  from  each  other  only  in  one  being  made  of  70  000-pound  steel  and 
the  other  of  bridge  iron,  and  in  the  accidental  crooks  and  bends  inci- 
dental to  the  bars  not  having  been  cold  straightened,  the  deviations  due 
to  which  at  the  middle  of  length  are  recorded  in  the  column  "  Condition 
of  specimen."  The  initial  deviation  in  direction 90  degrees  from  axis  of 
pins  is  also  written  by  the  side  of  the  plotted  test  result  in  the  dia- 
grams. On  the  diagrams  are  shown  the  range  of  elastic  limit  in  com- 
l^ression,  and  the  curve  of  resistances  according  to  Euler's  formula, 
modulus  of  compression  being  adopted  from  Tables  Nos.  15  and  16,  in 
round  numbers  28  500  000  for  steel  and  27  000  000  for  the  iron  bars.  It  is 
hoped  that  the  tables  furnish  a  tolerably  clear  condensed  history  of  each 
test,  enabling  one  to  form  an  idea  of  the  influence  of  pin  friction  and 
showing  how  various  was  the  behavior,  especially  of  the  longer  bars.* 

These  series,  in  connection  with  what  has  gone  before,  establish  the- 
second  part  of  the  law  stated  in  our  second  paragraph,  namely,  that 
elastic  limit  in  compression  and  ultimate  compressive  strength  are 
identical  within  a  considerable  range  of  length- ratio  of  columns.  Note 
that  there  is  but  one  test  in  each  series  which  falls  below  the  horizontal 
belt  of  range  of  elastic  limit,  and  that  one  is  of  the  crookedest,  and  lies 
close  to  Euler's  curve  in  each  case. 

As  regards  those  results  which  fall  to  the  right  of  Euler's  curve,  they 
are  seen  to  scatter  so  widely  that,  their  number  being  small,  they  cannot 
be  considered  as  yielding  much  more  than  a  suggestion  as  to  how  the 
subject  should  be  studied.  The  horizontal  belt  above  alluded  to  is 
marked  by  cross-lining,  and  the  belt  is  extended  to  the  right  of  the 
curve  by  making  it  to  include  all  siDccimens  whose  initial  deviation  was 

*A  complete  copy  of  the  test  records  of  those  bars  whose  deflections  were  observed 
throughout  is  presented  herewith.  (See  appendix  to  this  paper.)  No  measurements  of 
shortening  were  made  except  at  end  of  test. 
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.02  inch  or  under,  becaiise  l)ars  with  so  much  deviation  very  generally 
did  as  well  as  perfectly  straight  ones;  bars  with  greater  deviation  some- 
times do  as  well,  but  many  drop  almost  to  Euler's  curve.  The  case  looks 
hopeful  that  with  a  somewhat  extended  series  of  tests  varied  with  refer- 
ence to  crookedness  and  other  purposely  introduced  defects,  such  as 
lack  of  squareness  of  end-bearings,  eccentricity  of  end-pressures,  etc , 
quite  definite  results  could  be  established. 

From  the  closeness  and  approximate  parallelism  of  lower  boundary 

of  the  shaded  belt  to  Euler's  curve  above—  =  165  for  the  steel  and  ^— 

140  for  the  iron,  it  looks  as  if  hereabout  are  the  limits  above  which 
Euler's  formula  should  be  used  pure  and  simple  for  hinged  ends. 

The  pins  used  in  these  experiments  (see  Plate  XII  and  description 
page  55)  it  is  clear  exerted  very  small  end-fixing  moment  uj^on  the 
bars  ;   no   reverse  curvature   was    noticeable    upon    any  above  twelve 

diameters  in  length  (  —  =42  )  ,  so  the  results  probably  are  on  the  safe 

side,  supposing  the  results  to  be  applied  to  pin-ended  columns. 

On  Plate  XI  are  plotted  alsp  the  Watertown  tests  on  3-inch 
square  bars.  The  range  of  elastic  limit  is  obtained  (probably  imper- 
iectly)  from  a  set  of  three  tests  recorded  in  "  Report  of  Tests,"  Water- 
town  Arsenal,  1882,  pages  206-208,  stated  on  page  54  of  1883  Report  to 
be  of  the  same  iron.  The  range  of  compressive  elastic  limits  is  inferred 
from  the  tests  by  the  principles  set  forth  in  this  jsaper.  The  main 
series  had  li-inch  pins  fitting  half  holes  in  ends  of  bars.  Four  tests 
flat-ended,  and  eight  tests  with  other  slices  of  pins  are  also  plotted.  The 
enviable  agreement  of  the  pairs  of  tests  is  attributable  in  part  to  the 
bars  having  been  straightened  in  a  screw  press  as  stated  in  the  Report 
(see  above),  it  being  at  the  same  time  evidence  of  the  extreme  accuracy 
of  the  testing  work,  while  the  maintenance  of  a  high  strength  with  long 
specimens  was  doubtless  aided  by  the  comparatively  great  pin  friction. 

Probably  the  most  important  fact  shown  by  these  three  sets  of  ex- 
periments is  that  the  strength  of  the  columns  while  equal  to  the  elastic 
limit  for  a  considerable  range  of  length- ratio  under  that  at  which 
Euler's  curve  crosses  the  line  of  elastic  limit  falls  off  immediately  on 
crossing  the  curve.  Therefore,  for  pin-ended  columns  the  length-ratio 
at  which  elastic  limit  ceases  to  be  the  measure  of  the  column  strength 
varies  with  the  elastic  limit,  and  is  readily  determined  by  plotting  the 
intersection  of  Euler's  curve  and  a  horizontal  line  representing  the 
elastic  limit. 

The  following  theoretical  view  of  the  failure  of  long  and  moder- 
ately long  columns  of  structural  steel  or  iron,  accords  with  the  experi- 
ments. 

All  columns  being  assumed  to   possess  initial  eccentricity,  a  small 

finite  quantity,  then: 
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For  frictionless  pin-ended,  round-ended,  or   knife-edge-ended   col- 
umns  the  formula  ,  is   correct,  but   only  applicable  so  long  as 


(4) 


E  remains  constant.  If  now  the  modulus  of  compression  changed 
slowly  at  and  above  elastic  limit,  we  might  introduce  it  as  a  variable 
into  Euler's  equation  and  obtain  a  curve  tangenting  the  primary  curve 
at  the  elastic  limit,  and  lying  entirely  to  the  left  of  it.  But  in  this  pa- 
per it  has  been  shown  that  at  this  point  ^becomes  zero,  and  remains 
at  zero  during  change  of  state  of  the  whole,  or  of  that  portion  of  the 
column  whose  shortening  causes  failure.  In  long  columns  there  is  but 
a  small  part  of  the  metal  that  ever  passes  elastic  limit.  Making  E  in 
the  formula  =  0,  gives  an  absurd  result.  The  formula  therefore  fails 
entirely.  So  long  as  £"  remains  =  0  resistance  cannot  increase.  When 
the  column  happens  to  retain  its  straightness  until  there  is  again  a 
modulus  of  compression,  it  would  be  jiermissible  to  reintroduce  it  and 
obtain  a  new  formula  for  specimens  which  behave  that  way.  But  the 
experiments  show  that  this  does  not  occur  with  any  certainty;  very  sel- 
dom will  it  occur  when  —^  is  above  42.     Below   that    length-ratio    we 

are  not  discussing;  entirely  different  conditions  of  the  metal  prevail, 
and  the  strength  of  such  short  pillars  has  plainly  no  relation  to  that  of 
longer  ones. 

When  the  column  has  any  degree  of  fixity  of  ends  (including  ordi- 
nary pin  as  well  as  flat  and  fixed-ended  columns)  the  efi"ect  of  such  fixity 
may  be  treated  as  diminishing  its  eilective  length  considered  as  a  fric- 
tionless liiDge-ended  column,  according  to  the  usual  reasoning,  and 
because  elastic  reactions  of  metal  are  frictionless,  therefore  the  resist- 

ances  should  be  represented  by  a  o,   a  being  greater  than  unity. 

{-v)' 

But  by  reason  of  the  statical  moment  exerted  by  the  ends  upon  the 
bearings,  and  perhaps  even  in  a  greater  degree  dejiending  upon  the 
size  and  character  of  those  bearings,  some  load  lower  than  the  product 
of  elastic  limit  by  cross-section  causes  a  part  or  the  whole  of  the  cross- 
section  at  the  ends  to  reach  elastic  limit  and  suffer  change  of  state.  This 
is  accompanied  by  unstable  equilibrium  (see  foot-note,  page  59),  and  the 
column  is  at  once  in  the  condition  of  either  a  frictionless  hinge-ended 
one  of  a  length  equal  its  whole  length,  or  intermediate  between  its 
former  virtual  length  and  its  whole  length,  according  as  the  fixing 
moment  disappears  more  or  less  completely.  This  new  longer  length 
may  be  such  that  the  load  already  on  is  in  excess  of  its  appropriate 
strength  and  sudden  failure  ensues. 

This  explanation  seems  to  fit  the  series  of  3  inch  square  bars.  The 
Watertown  detailed  reports  show  that  at  from  150  000  to  180  000  pounds 
load  the  scale  started  in  front  of  pins,  which  means  of  course  that  the 

elastic  limit  of  that  portion  of  metal  was  passed.    At  --  =  138,  the  belt 

r 

of  results  reverses  its  curvature,  and  the  total  loads  on  the  two  closely 
agreeing  specimens  of  that  length  are   183  500  pounds   and   180  000 

pounds.    At  ~  =  159,  the  total  loads  on  specimens  of  that  length  are 
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151 150  and  360  500,  and  from  thence  to  i-=  194,  the  total  loads  of  11 

r 

specimens  out  of  12,  range  but  from  147  180  to  160  500,  or  but  3  000 
pounds  per  square  inch  on  projected  intrados  of  pin-bearings.  It  seems 
as  if  the  adjustments  of  these  bars  were  so  perfect  that  some  part  of  the 
metal  had  to  pass  elastic  limit  in  order  to  allow  the  bar  to  fail  at  all,  and 
that  they  otherwise  unanimously  refused   to   obey  Euler's  law  up  to 

—  =  194. 
r 

Sudden  failure  may  also  be  caused  when  the  end-fixing  moment  de- 
pends for  existence  solely  upon  pin-friction,  by  the  friction  of  quiescence 
becoming  overmatched  by  the  end-moment.  This  is  believed  to  have 
been  the  case  of  the  writer's  experiments  with  1-inch  squares  where  the 
pins  were  lubricated.  The  end-bearings  of  these  bars  were  the  full  sec- 
tion of  the  bar,  therefore  in  cases  of  absolutely  perfect  adjustment  a 
greater  percentage  of  the  full  elastic  limit  is  obtainable  than  if  the  bear- 
ings had  been  smaller,  because  the  ends  will  not  pass  elastic  limit  with 

.     .  I 

so  small  a  load.     Compare  two  tests  with  deviation  .00  at  —  =  132  and 

138,  diagram  for  1-inch  square  iron  with  upper  limit  of  belt  of  3-inch 
square  tests. 
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Compression  Tests  of  Steel  Bars.     All  from  same  Blow  of  Bessemer  Steel,  "as  from  Rolls. "—Testing  Laboratory  of  Cambria  Iron  Company,  May,  1886.     C.  A.  Marshall,  Engineer  of  Tests. 
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83 
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63 
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Straight 
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14.9 
14.6 


13.  6 
13.  4 


13.4 
13.4 


Gave  way  3  inrhes  from  end. 

Under  200  000  lbs.  per  sq.  in.  original,  short- 
ening =  47.0  per  cent.  This  equals  99  550 
lbs  per  aq  in.  actual  enlarged  area  at 
center. 

Flexed  orthodox. 

Flexed  orthodox,  ends  scaled  first. 


Flexed  orthodox. 


Gave  way.  ends  and  middle  together. 


Uemabks. 


Flexed  orthodox. 


Under  200  000  pounds  per  square  inch  orig- 
inal, shortening  =  45.3  per  cent. 


Flexure  started  in  opposite  directions  at  the 
two  ends,  at  finish  is  orthodox. 


Flexed  orthodox,  very  slowly. 


ResiBtance  diminished  very  slowly  and  grad- 
ually. 


Flexed  orthodox. 

Not  held  squarely.      At  33  050  poundu   per 

square    inch    had    perceptibly    deflected. 

Behavior  similar  to  1683. 

Flexed  orthodox.      Just    before  failure  de- 
flection =  .02  inch. 
Scaled  from  top  downward. 
Flexed  orthodox. 

Just  before  failure  deflection  =  .02  inch. 

Flexed  orthodox.  J  uat  before  failure  defleo- 
tioii  =  03  inch. 

Flexed  orthodox.  No  perceptible  deflec- 
tion before  failure. 

Just  before  failure  deflection  =  .005  inch. 

Flexed  orthodox. 

Flexed  orthodox.  At  load  50  970  per  square 
inch  specimen  calipered,  and  found  to 
have  recovered  leugth  perfectly. 

Gave  way  rather  suddenly. 

Gave  way  very  suddenly    5.5  inches   from 
end. 

Just  before  failure  deflection  =  .06  inch. 

Failed  suddenly  orthodox. 
No  perceptible  deflection  before  failure. 
Gave  way  suddenly,  orthodox.      Jost  before 

failure  deflection  =  .01  inch. 
No  perceptible  deflection  before  failure. 
Gave  way  first  at  the  bend. 
Just  before  failure  deflection  =  .03  inch. 


Vol.  XVII,  p.  68. 

Tensile  Tests  of  Steel  Bars. 


TABLE  No.  2. 

Pieces  Out  from  Same  Bars  used  in  Compression  Tests,  Tal)le  No.  1.— Testing  Laboratory  of  Cambria  Iron  Company  May,  1886. 

C.  A.  Marsliall,  Engineer  of  Tests. 


c  i  a 

P   O 


5i  round. 
1 

1.'4 

IK 

2 

ay 

Yi  square 

8  .1 

TO 
1 

1'4  ■' 

iK      " 

2'4      •■ 

3      X     ?,i 


1 

1'4 


>i  Xl>i 

%  X2 

X  ^i 
X  ?i 
X  1 

X  1'4 
Xlii 


86- 

^    CO 


1-5 


16  090 
44  2U2 
40  747 
40  275 
40  017 
158  207 
37  000 
36  100 
44  273 
47  815 

43  560 
41060 
39  317 
38193 

38  310 

47  303 

44  417 
41447 

39  397 

38  482 

37  820 

35  917 

39  302 
53  800 
41  527 
41415 

36  680 

37  580 


68  995 
67  970 

67  040 
66  363 

66  33) 
65  663 

65  460 

(58  427 

69  390 

68  510 

67  973 

66  833 

66  409 

68  657 

67  527 
66  987 
66  700 
66  640 

66  342 

65  762 

66  537 
71  2.55 
66  917 
66  230 


0.2  m 

.d  oca 

§"3  Ed 
h-1 


10 
12 
15 
18 
20 
22 
25 


10 
12 
15 

18 
22 

15 

15 
18 
18 


20 
20 
22 


Per    cent, 
elongation. 


26.3 
25.7 
26.8 
25.8 
2t.O 
23.9 
19.9 
10.2 
26.5 
24.9 
25.6 
26.0 
25.1 
24.6 
7.6 

27.0 

26.5 
25.6 
24.9 
26.4 

21.7 

27.6 
26.4 
21.0 
24.5 
24.3 


Per   Cent. 

reduction  of 

area. 


48.2 
41.5 
46.9 
41.9 
33.6 
27.8 
17.2 

42^5 
.38.9 
37.1 
39.2 
36.8 
33.0 

44.0 

42.8 
39.1 
35.9 
45.9 

31.1 

44.1 
46.6 
36.9 
35.1 
36.5 


Modulus   of 

elasticity. 

Lbs.     per 

sq.  in. 


28  980  000 


( 29  350  000  I 
I  29  040  000  ) 


I  29  410  000  1 
I  29  860  000  j 


Character  of  fracture. 


Silky  and  dull 

Dull  crystalline  and  dull. 

Dull. 

Dull  crystalline  and  dull. 

Two  silky,  one  dull  cry.stalline  and  dull. 

One  silky,  two  crystalline. 

Crystalline. 

Silky,  some  dull  crystalline. 
Silky  and  dull. 
Silky  and  dull  cry.stalline. 
Dull  and  dull  crystalline. 
Silky,  some  crystalline. 
Crystalline,  dull  center. 

Silky 

90  per  cent,  silky,  10  i>er  cent,  faint  crystalline. 
75  x^er  cent,  silky,  25  iier  cent  faint  crystalline. 
40  per  ceut.  silky,  60  per  cent,  dull  crystalline. 
Silky  and  dull 

Silky  and  crystalline , 

Three  silky,  one  part  crystalline 

Silky 

Silky 

25  per  ceut   silky,  75  i)er  cent,  crystalline. 
25  per  ceut.  silky,  75  per  cent,  crystalline. 


Eemaiiks. 


One  test  only  for  modulus. 


Not  broken  with  61  180  pounds  per  square  inch. 


Not  broken  with  00  050  pounds  per  square  inch. 
Two  tests  for  modulus  on  strips. 


Strips  cut  from  3  X  l'4'iuch  bar. 

"  3  X  1>2        "  2  tests  for  modulus. 

3X1K        " 
3X2 
Bar  finished  at  very  low  heat. 

Not  broken.     Beyond  capacity  of  machine. 


All  tested  full  size  as  from  rolls  except  where  noted. 
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TABLE  No.  3. 

Compression  Tests  of  Iron  Bars.— Testing  Laboratory  of  Cambria  Iron  Company,  June,  1886. 


C.  A.  Marshall,  Engineer  of  Tests. 


1. 

6 

s 

2 

o 

3 

Dimensions   of           jj 
cross-section.          • 
Inches, 

3. 

00 

<D 
J3 
O 

a 

■a 

a 

4:. 

i 

5 

I 
r 

6. 

Condition  of  piece  before  test. 

Elastic  limit  com- 
pression.    Lbs.      j^ 
persquaie  inch. 

8. 

:■§ 

■  '^   0) 

o    . 

'.3  a 

Load   per   square      ^ 
inch  at  failure.      • 

Second  niaxiiuum. 
Pounds     per      J 
square  iLch 

11. 

n 

tc  S3 

c3  a 
c  •" 

Modulus  of  elas- 
ticity,     Pounds     « 
per  square  inch.     ' 

Permanent  short-     h 
euing.  Per  cent,     w 

Permanent  deflec-     *- 
tion.   Inches.           f" 

Permanent  short- 
ening  with  100-     M 
000  lbs    per   sq.     ?' 
in.    Per  cent. 

16. 

Bemabks. 

2158 

I    round 

s         •■    

i    square 

2^        '■'.'.'.'. 
3X  i 

2}txii:::::::; 

3.2  Xl{.'.'.'. '..'.'. 

9.5 
9.5 

12 

12 

30 

2 

9.5 
9.5 
12 

12 
30 
18 
27 
24 
6 
12 
15 
18 
15 
30 
1     21- 

1 

12.7 

12.7 

12 

12 

30 

2 

12.7 
12.7 
12 
12 
30 
12 
18 
12 
12 
24 
30 
36 
12 
24 
12 

51 
51 

48 

48 

120 

■44' 
44 
42 
42 

104 
42 
62 
42 
42 
83 

104 

125 
42 
83 
42 

Fairly  straight 

(36  891) 

}     35  530 

1 
1 
^    36  170 

J     32  975 
I     32  800 

1     25  560 

26  930 

1-    28  165 

1     26  470 

27  430 

} 
f 

. 

1 
\ 

1 

1 

f 
\ 

1 

I 
{ 

36  750 
36  750 
36  210 
36  580 

31580 

34  590 

32  790 

33  250 
33  5.i0 
30  680 
27  291) 

25  970 

27  170 
30  070 

28  360 
27  710 
27  640 
27  570 

26  510 

27  700 

35  640 

36  970 

37  270 

37  370 

None. 

34  590 
31520 
36  500 
.34  720 
None, 
30  140 
None. 
31360 

38  040 
None. 
None. 
None. 
31940 
None. 
32  570 

32  300 
30  070 
37  270 

37  370 

18  460 

33  876 
30  780 
36  500 

34  720 

18  750 
30  140 
22  080 
31360 

38  040 

19  610 
19  610 

19  610 
31940 

20  560 
32  570 

26  160  OOO 
26  240  000 
26  440  000 
26  350  000 

1.3 
1.5 

0.83 
0.75 

0.10 

2 '6' 

1.7 

1.4 

1.33 

0.16 

1.3 

0.8 

1.3 

1.8 

0.6 

0.3 

0.1 

2.3 

0.23 

1.6 

.28 
.35 
.25 
.22 

.30 

■.28 
.30 
.22 
.29 
.33 
.48 
.70 
.62 
.11 
.30 
.22 
.18 
.28 
.34 
.43 

'20'.  25 

Bent  orthodox. 

21.59 

•  < 

2162 

<l                                X 

It 

2163 

.• 

(( 

2166 

Sharp  bend  5  inches  from  end;  ordinate  at  that  point 
—  .08 

Failed  at  the  bend. 

21C4 

At  100  000  lbs.  per  sq.  in.  Specimen  skewed. 

2196 

Fairly  straight 

27  420  000 
27  790  000 
27  300  000 
27  990  000 

Bent  orthodox. 

2197 

«(              «( 

" 

2168 

«              .< 

" 

2169 

>.              •< 

" 

2172 

Grentle  curve  .03  inch,  ordinate  central  .. 

Failed  orthodox  in  direction  of  initial  bend. 

2174 

Fairly  straight 

2175 

Straight .... 

Failed  orthodox. 

2177 

Gentle  curve   .03  inch  ordinate  central 

Bent  orthodox. 

2214 

Straight 

" 

2215 



" 

2217 

Fairly  straight 

(( 

2219 

Ordinate  .02  inch  aioD£r  middle  10  Inches 

tt 

2191 

Straight 

« 

2192 

tt 

2194 

Straight 

I' 

MAESHALL    ON   COMP.   STRENGTH    OF   STEEL   AND    IKON. 


69 


k 


00 
00 


PI 

!=! 

a 

a 

O 

O 

CI 

o 


CO 

H 

o 

S-i 

"•i^ 

C4H 

0) 

<J 

Pi 

O 

>-, 

•r-( 

^ 

o 

H 

2 

W 

i_^ 

o 

,^ 

m 

-3 

< 

^n 

c3 

1=1 

^ 

•+= 

00 

<i 

H 
1 

d 

oa 

!«f 

rt 

« 

d 

o 

Eh 

a 


a 


n  *-  . 

fl    L-  i^ 

^^  o 

o  a 

*    ^  t. 

3  tf 


>. 
M 


Q 


p 

2 

■•-» 

o 

GO 
-^^ 

.a 
bo 
'u 
P) 


3 
O 


XI 


o 
.a 


.a  ^3 

5^   a   c3 

pq  gQ 


to 

3     . 
O  ""■ 

■2   ° 

tri    t-  00 

\a      3 

a  m  ^ 

'^  ^  3;a 

1-5  ffl   S  GC 


C4    X 

-a  3 
.  o 

"«  ?! 
<u  •a 


._  00 

a  ^ 

a  c3 

tS  o 


o  o  o 
o  o  o 

coo 

o  o  o 
c:  >— I  o 
i£2  '<*<  t- 


o 
o 


o  o  o  o 

o  o  o  o 

o  o  o  o 

o  o  o  o 

c^  X  —  c. 

C-.  r-l  C-.  -M 


•B3.m 
JO  noipnp 
-3J   -^nao  aaj 


O  X  O  l»  ■>*  CO 


t-  -*  iH  O 


■noilT3§ 
■nop  '^nao  jgj 


t-  :^  -*  ■*  o  ^ 


•rraAiS 
SI  non'cS 
-noxa  qoiqAV 
u  o  q^  SuaT 


X  X  O  O  l-C  X 


ni  •b^ 
a  ad  s  qT; 
■q^Saaj^g 
e^B  tnnin. 


=  o  o 
tc  c^  o 
0:0'* 


oooooo  o^oo 

CO  t-  ri  -*  C^l  C^  CI  X  CO  LO 

C3  M  n  ?0  O  O  'M  -+  IC  X 

C;  C-  ^H  rH  C-  t-  C:  C.  t-  CO 

-*'*iOO-*'#  -i^-r^'* 


•ni  'bs 
J  a  d    s  q  1 


O  O  o 
-*  O^  IT) 
CC  -*  'O 

lo  lo  la 

CO  CO  CO 


oooooo  oooo 

T-f-'l^iCOCCCO  t^tot^co 

:oco»co*nc^  oco-*'!* 

CI  CO  CI  CO  '-  :c  t-  X  c:  t- 

CO  CO  CO  CO  CI  CI  r'l  CI  CI  CI 


■ui 
■no  I  to  a  s 

-S8  O  ,1  0  JO 

snotsnamiQ 


XXX  X 

iceci 

CO  CO  C  CO 


•0>J 

iCjOjtJoqBi 


UO  X  I-  -^  CO  -J  CO  X   O  CO 

c;  c;  -c  t-  L-  t-  .-'  — '  o  o 

.'^T— I^Hr-H.— 1--<  ClCI^Hi— I 

CI  CI  CI  CI  CI  CI  CI  CI  CI  CI 


■a 

60 

3 
o 


c3 
Cm 

o 
>> 

a 

d 


70 


MARSHALL   ON    COMP.  STRENGTH    OF   STEEL   AND   IRON. 


TABLE  No.  7. 

Compression  Tests  of  Steel  and  Iron  Bars  1  inch  square  by  12  inclies 
long.  Bars  marked  W  all  from  same  blow  of  70  000-pouud  Cambria 
Bessemer  Steel.  Bars  marked  K  all  from  same  lot  of  Union  Iron 
Mills  Iron. 


03 

■a 
a 

5 

6 

li 

.9 

■a 
o 
50 

.  a 

.      1 

-e  a 

a 
o 

q 
id 

a 

i-   IB 

as 

m 

o 

Remarks. 

o 

o  53 

1" 

u 

t'^ 

Flat 

CO 

g 

Inch. 

Flat 

Wl 

49  720 

50  220 

40  000 

2.66 

.36 

Deflection  orthodox. 

" 

W2 

48  400 

49  200 

40  000 

2.83 

.39 

*' 

'• 

W3 

49  070 

49  070 

45  000 

1.42 

.10 

** 

ti 

W4 

49  700 

51  790 

45  000 

2.66 

.30 

Bent  in  reverse  curve. 

** 

W5 

47  880 

47  880 

47  280 

1.00 

.26 

Scale   disturbed    at    ends 
first,  rtnioved  as  soon  as 
scale    much    disturbed 
iu  middle. 

4« 

W6 

50  200 

50  790 

45  000 

1.50 

.16 

Deflection  orthodox. 

It 

■W7 

48  170 

49  260 

45  000 

2.17 

.14 

tt 

W9 

50  170 

51160 

45  000 

1.66 

.20 

49164 

49  921 

.... 

.... 

Av(  rage. 

Hinged 

W5 

51  350 

51350 

45  000 

2.75 

.09 

•' 

W8 

47  480 

48  470 

36  000 

1.33 

.32 

49  415 

49  910 

.... 

.... 

Average. 

Flat 

K    1 

35  100 

38  220 

38  220 

1.66 

.21 

K    2  • 

35  600 

38  270 

38  270 

1.25 

.24 

K    3 

35  500 

39  500 

39  400 

1.50 

.20 

K    5 

34  340 

38  150 

38  150 

1.50 

.18 

K    6 

36  410 

38  780 

R8  780 

1.33 

.25 

K    7 

33  680 

35  730 

35  730 

1.33 

.25 

K    8 

31760 

36  840 

36  840 

1.50 

.19 

t 

K    9 

36  000 

39  400 

39  400 

1.42 

.20 

Hinged 

Kll 

33  380 

37  650 

37  650 

1.66 

.17 

Bent  along  axis. 

(  32  520 

32  520 

0.66 

.03 

When  scaled  all  along. 

Flat 

K  13 

) 

36  220 

36  220 

1.58 

.20 

(1 

KU 

33  860 

37  440 

37  440 

1.42 

.Vl 

It 

K  15 

33  960 

36  430 

36  430 

1.25 

.22 

K16 

1  34  410 

34  410 

0.66 

.04 

When  scaled  all  along. 

'* 

36  030 

36  630 

1.42 

.20 

i( 

K17 

34  180 

36  200 

36  200 

1.33 

.23 

(  34  750 

34  750 

0.66 

.09 

When  scaled  all  along  iu 

K18 

5  minutes. 

/ 

37  560 

37  560 

1.17 

.24 

I  32  300 

32  300 

0.75 

.12 

When  sca'ed  all  along. 

K  19 

34  000 

34  000 

1.42 

.24 

i. 

K20 

33  100 

36  340 

36  340 

1.50 

.25 

34  185 

37  256 

.... 

Average. 

Hintred 

K    4 

32  900 

32  900 

32  000 

.15 

« 

KIO 

34  180 

36  000 

36  000 

1.08 

.16 

•  ' 

K12 

3t  240 

37  840 

37  840 

1.50 

.22 

33  773 

35  580 

1 

.... 

.... 

Average. 
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Compression  Tests  of  Miscellaneous  Bars.  -  Testing  Laboratory  of  Cambria  Iron  Comjjany,  1886.     C.  A.  Marshall,  Engineer  of  Tests. 


o 
IS 


o 


331 
330 
348 
352 
350 
35« 
359 


457 
454 
476 
479 
466 
603 
6U0 
506 
510 

573 
579 


559 
547 
547a 

2336a 
2336b 


2348a 

2351a 

2352a 

2353a 

2350a 

2335a 

2343a 

2344a 

2347a 

2346a 

2345a 

2338a 

2337a 

2293 

2307 

2309 

2311 

2309a 

2391a 
2391b 

2391c 


1  round 

1       "      

,"5  square 

8        .« 

15  

1  square 

1        "       

.799  r'd  turned 
from  .8  square 


\  round. 


1 rDUud  

1      "      

/ff  square 

ft       ••     

1  square 

1      •'       

94  r'd  turned 
from  1  round. 

,»(j  square 


1  round 

1      '■      

.94  r'd  turned 
Irom  1  round. 

1  round 

.94  r'd  turned 
Irom  1  round 


1  round. 
1  ••  . 
1  "  . 
1   "  . 


1   ■'  

1   "  

1   "  

1   "  

1   "  

1   "  

1   "  

1   '■  

1   ■'  

1   "   

1   "  

1   •■  

1   ■•   

.94  r'd  turned 

Irom  1  round. 

Vt  round 

.80  r'd  turned 

from  JJ  round 
.80  r'd  turned 

from  %  round 


12 

12 

9.62 
9.6'2 

12 

12 

2.39 

9.37 
9.37 

12 

12 

9.62 
9.62 

12 

12 

2.84 
9.62 
9.62 


12 

12 

2.83 
12 

2.84 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

2.83 
9.06 

3.5 

2.49 


.0 


!  a 
■  o 


42  000 


50  000 

68  000 

69  000 


67  000 
67  500 

70  000 
49  500 

48  000 


38  000 

36  000 
34  000 


I " 


230 


49  260 


.a 


%<   qj 

o 

Hi 


42  830  - 
(  39  570  I 


42  830 


54  430  { 
50  830 


I 

I 

I  51  810  I 
1 


50  830 
69  000  I 


67  110 


49  750 


32  670 
44  (90 
43  250 
4G000 
48  160 
50  6(0 
32  010 
36  920 
39  460 

39  570 

40  000 
47  780 
47  (100 
47  600 
39  000 
36  0(10 
42  780 

36  000 


35  500 


42  000 

42  480 

43  160 
43  900 

39  990 

40  390 


53  960 
53  130 
51  500 
49  500 
51000 
51  250 
48  240 
48  340 


49  500 

30  220 

43  690 

44  000 

45  750 

47  520 
49  020 
32  050 

37  820 
41  510 
41  7'20 

39  500 

46  2(i0 
45  500 

48  500 

40  000 

38  000 
38  500 


36  5(,0 
88  000 


S  S 

O.Q 
^  i-J 


None. 
43  120 
42  000 
None. 
fc8  910 
40  080 


50  380 
49  -210 

49  920 

50  270 
59  980 
67  650 

57  340 

58  080 


88  720 

89  420 


79  110 

79  110 


48  000 

30  090 
None. 
40  000 
None. 
46  390 

49  270 
33  650 
None. 

40  460 
None. 


42  810 
36  6UU 
36  £00 
35  580 


36  940 
48  910 


U    =« 

®  £; 
p<  ° 

rrj  9 

1-1 


30  000 
30  000 
30  000 
30  000 
30  000 
30  OUO 


50  380 
49  210 
49  920 
£0  270 
59  980 
57  650 

57  340 

58  0tO 


88  720 
80  420 


79  110 
79  110 


So  COO 

22  800 
35  000 
40  0(J0 
35  0(;0 
35  I  00 
40  000 
30  (100 
30  000 
35  000 
35  000 
30  000 
35  000 
35  OUO 
35  000 
25  00(J 
25  ( 00 
25  000 


30  000 
48  910 


.2  P. 

«  ■ 

m 

o  J 

t»  . 


29  740  000 


29  010  000 


29  420  000 

29  4-20  Olio 
29  200  OUO 
28  670  000 


29  220  000 
29  350  000 


29  330  000 
29  200  000 


28  830  000 


30  490  000 


29  790  000 

29  810  060 
29  240  000 
28  570  000 
28  570  OUO 
28  180  000 


29  910  000 

30  120  000 


10 


a -3 


2.0 
1.8 
3.5 
2.8 
3.1 
3.2 


0.9 
0.9 
1.0 
1.0 
1.7 
2.0 
2.0 
1.8 


1.0 
1.0 


0.8 
0.75 


2.54 


2.5 
1.2 
1.0 
1.6 
2.5 
1.7 
1.6 
1.5 
1.2 
1.2 
1.8 
1.4 
1.6 
1.8 
2.3 
2.2 
1.7 


4.0 
9.0 


11 


1^ 


0  . 

a  o 


.50 
.46 
.58 
.60 
.74 
.64 


.20 
.21 
.28 
.'28 
.23 
.34 
.45 
.39 


.20 
.24 


.'21 
.22 


.61 


.35 
.31 
.15 
.40 
.57 
.36 
.11 
.36 
.'24 
.17 
.42 
.42 
.45 
.46 
.72 
.58 
.56 


.46 
.23 


la 

aS  ri 

"So  ^ 
o  2  t» 

00   S 

a  Bp§  s 


.1587 


.0426 


.0065 
.0985 


13 


Kind  of  matei-ial. 


14: 


Rem.\eks. 


Open  hearth 
steel,  all  | 
from  same  •  \ 
melt. 


Open  hearth 
steel,  all 
from  same 
melt . 

Spring  steel. 


Open  hearth 

steej. 


O.  H.  steel. 


Open  hearth  | 

steel,      all  J 

Irom  same  ] 

melt.  I 


Bessemer  steel. 


Iron   rolled 
frum  scrap. 


Sligo  stay- 
bolt  iron. 


Gave  way  at  a  bend  2  inches  from  mid(ile. 


Maximum  stress  per  square  inch  original 
"  "  actual 

Gave  way  at  injury  by  clutch. 


113  200. 
89  460. 


Maximum  stress  per  square  inch,  original  =  168  700. 

actual      =   126  350. 

Elastic  limits  by  micrometer.  Beam  showed  limit  of  573  at 
73  2601bs.,andof  579  at  72  0(10  lbs., but  there  was  no  failure 
to  sustain  those  loads.  There  was  but  one  maximum 
coriesijonding  to  second  maximum  as  given  for  the  other 
materials. 

Elastic  limits  by  micrometer.  Beam  failed  to  show  limit. 
But  one  maximum. 

Maximum  stress  per  square  inch,  original  =  190  000. 

actual      =  166  030. 


Maximum  stress  per  square  inch,  original 
"  ■'  actual 


125  000. 
:    99  360. 


Maximum  stress  per  square  inch,  original 
"  •'  actua'i 


Maximum  stress  per  square  inch,  original 
"  "  actual 


91  710. 
73  850. 


80  000. 
67  070. 


I 
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Tensile  Tests  of  Miscellaneous  Bars. 


TABLE  No.  6. 
-Testing  Laboratory  of  Cambria  Iron  Company.     C.  A.  Marshall,  Engineer  of  Tests. 


1 

d 

£■ 

D 

S 

o 

H-l 

Lab.    Noa.    of 
compression       „ 
tests  from  same 
lot. 

3 

h 

•is 

a  « 

ai 

4 

■".9 

So 

5 

i;5  a 

6 

.d 
g 

? 
to 

g 

7 
a  . 

is 

II 

8 

ii 

n 

9 

J-   O    M 

10 

Appearance  of  fracture. 

11 

1 
Kind  of  material. 

Rkmakks. 

329 

330,  331 
348,  352.  350 
358,  359 
457,  454 
476,  479,  466 
503,  500 
506.  510 

J          673,579    1 

559,  647,  647a 

2330a— b 

2348a 

235111 

23521 

2363a 

2360a 

2335a 

2343a 

23Ma 

2347a 

2346a 

2346a 

2338a 

2337a 

2293 

2307 

2309 

2311 

2311 

239la-b-o 

Inch. 
1    round. 
■^  square. 
1    square. 
^i  round. 
1 
,»(,  square. 

;>    :; 

1  round. 

1       " 

1 

1 

1 

1 

1 

1       ■• 

1 

1 

1       ■' 

1 

1 

1 

1 

1       " 

1 

1 

1       " 

1 

1 

41230 

42  830 
39  570 
54  430 
50  830 
51810 
49  200 
74  510 
69  000 
67  110 

49  750 
32  670 
44  690 

43  250 

46  000 
48  160 

50  060 
32  010 
36  920 
39  460 
39  670 
40^000 

47  780 
47  000 
47  000 
39  000 
36  000 
41000 
42  780 
35  500 

1 

67  320 

07  600 

66  120 

102  300 

101  900 

102  200 
101  600 
144  400 
144  700 
144  600 

80  823 
45  980 

71  400 
74  026 
78  375 
82  150 
82  4.i0 

62  100 
61  110 
61  870 

63  140 

64  680 

72  O.iO 
74  625 
74  650 
66  810 
51  790 
57  690 

55  890 

In. 
10 

8 
10 

8 
10 

8 
10 

8 

8 
10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

9 

28.7 
29.5 
27.8 
19.4 
14.9 
17.2 
14.0 
7.2 
7.0 
9.3 

27.0 
34.1 
26.2 
25.0 
26.4 
21.2 
22.4 
33.6 
27.6 
29.4 
29.2 
27.5 
18.1 
23.2 
23.3 
21.0 
21.8 
15.2 

29.7 

59.4 

57.0 
57.4 
30.9 
26.4 
28.9 
18.8 
10.2 
8.0 
10.7 

47.0 
69.6 
66.0 
55.3 
62.4 
47.8 
52.2 
64.6 
63.4 
60.1 
64  2 
58.0 

46.0 
62.1 
30.0 
63.8 
38.4 

64.4 

30  420  000 
29  850  000 

29'i6o'o'oO 
29  500  000 
29  040  000 
29  960  000 
29  420  000 
29  200  000 
29  680  000 

29  630  000 
29' 900  000 

30' 420  000 

30' 376  000 

28.576000 
28  480  000 
28  480  000 

30  190  000 

/  0.  H.  steel  from 
j      same  melt. 

lo.H.  Steel  from 
1      same  melt. 

1  0.  H.  steel  from  J 

•     same  melt.       J 

J                               I 

0  H.  steel. 

Bessemer  steel. 

)      Iron  rolled      ( 
t      from  scrap,      i 

Sligo  stay-bolt 
iron. 

Elastic  limit  by  beam  and  flaking  0 
micrometer. 
"         "                    "               beam 
to  show  limit. 

■Each  from  a  different  melt. 

J 
1 

f-Each  from  a  different  heat. 

Broke  in  grip. 
J 

Elastic  limit  by  micrometer. 
"         beam. 

316 
367 

Cup,  fine  silky 

Silby " 

465 
481 
497 
512 

Finn  crystal,  dull  center. 

"             "    spot... 

Cr.vstal,  dull  spot 

676 

f  scale. 

574 

<( 

S49 

,1 

failed 

2336 
2348 

Dull  crystal,  dull  spot.... 
Half  cup,  silky 

2351 

Cup.siliy 

2352 

2353 

Silky  and  dull 

2350 

Dull 

2335 

Silky  and  dull 

2343 
2344 
2347 
2340 
2345 

•'     and  dull 

"    and  dull 

233i 
2337 
2292 
230  ti 

Dull,  some  faint  crystal. . . 
"■  crystal,  dull  center.. 

Coarse  silky 

2308 

Dark      "      

2310 

2310 
2390 

Half  cup,  fine  silky 

f 
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TABLE    No.    8. 

«  Compression  Tests  of  1-inch  Square  Steel  Bars,  Hinged. 

(-See  Plate  X.) 

All  from  same  blow,  distinguished  by  letter  W.     Tested  as  from  rolls    with  rocking  bearings,  bars  vertical,  axis  of  pins  east  and  west.     All  dimensions  in  inches;  loads  in  pounds  per 

square  inch.     "Deviation  "  is  from  straight  line  through  centers  of  ends  of  bars  at  the  middle  of  length. 


%  i 

a 

I 

r 

ratio. 

Condition  before  Test. 

Elastic  limit 

trnm 
Table  No.  7. 

H 

S  g 

1 

Difference 

maximum 
—Elastic  limit. 

i 

Princiiml  de- 
viation just 
before   fail- 
ure. 

Just  after  failure. 

Load  removed. 
Deviation. 

Maximum  re- 
sistance 
upon    reap- 
plying   load. 

Maximum 
sborteuing 
per  inch. 

Total  chord 
shortening. 

Twist, 
Arc  for 
radius  1. 

Deviation  towards 

Remarks. 

Load. 

Deviation. 

Mode  of  failure,  etc. 

N.  or  S. 

00 

00 

00 

00 

S.  .03 

S.  .04 

.00 

N.  .02 

0.  .02 

00 

N.  .02 

N.  .01 
8.  .02 
S.  .Oi 

00 
N.  .02 

00 
N.  .03 
S.  .025 
N.  .06 
S.  .01 

N.  .015 

S.  .015 

N.  .08 
00 
N.  .05 
N.  .06 
S    .0-25 
,N.  .02 

E.  or  W. 

W9- 
W9: 
W9- 
W9: 
W  9- 
W9: 
W5- 
W5: 
W8- 
W8: 

W8- 

W8: 
W2 

16 
16 
20 
20 
22 
22 
24 
24 
26 
26 

28 

28 
30 
30 
32 
32 
34 
34 
36 
36 
38 

38 

40 
40 
42 
42 
44 
44 
48 

ed  on 

55 
55 
69 
69 
76 
76 
83 
f3 
9i> 
\)) 

97 

97 
1(14 
101 
111 
111 
118 
118 
12:-, 
1  5 
132 

13  i 

138 

13  ( 

14  i 
14  •> 
162 
15! 
16i; 

beariiigs 

166 

180 

jearings 

180 
Bssure  at 

194 
searings 

208 
eariDgs 

•  C 

'  .'62' " 

.10' 
Some. 

']06" 



2  south  of  axis 

W. 
W. 
W. 
E. 
W. 

W. 

E. 

W. 
W. 

E. 
W. 

W. 
W. 
E. 
W. 

W. 

w. 

E. 
W. 

W. 
E. 
W. 

00 
00 
00 

.11 

.02 
.04 
.01 
.01 

00 
.02 

.02 

.02 
.02 

00 
.02 
.U3 

00 
.02 
.02 
.03 
.03 

.03 

.03 
.015 
.01 
00 
.02 
.01 
.03 

50  170 
50  170 
50  170 
50  170 
50  170 
50  170 

49  610 
49610 
47  480 
47  480 

47  480 

47  4  0 
41400 

48  400 
47  481) 
47  480 
.^0  200 

50  200 
47  4^0 

47  480 

48  170 

48  170 

48  170 

49  610 
48  170 
48  170 
48  170 

48  170 

50  200 

50  200 

50  200 
50  170 

50  170 
50  170 

£0  170 
50  170 

50  200 

50  2f;o 
50  200 
50  200 

49  700 
49  700 

49  380 
60  170 

50  720 

51  no 

48  380 

45  300 

49  060 

48  950 

46  9MI 

49  260 

47  720 

46  480 

47  670 

45  370 

46  360 
45  650 
45  560 
44  620 
34  660 
31  080 
41690 

43  280 

37  980 

19  210 
34  000 

16  (00 
26  000 
30  000 
13  130 

22  870 

10  660 
9  810 

13  270 
18  810 

20  600 
12  420 
29  810 

8  400 

8  800 
18  900 
20  010 

8  000 

10  000 

17  900 

—790 

000 

-f550 

+940 

-  1  790 
-4  870 

—550 

—660 

—530 

■  -1-1  780 

-1-240 

—10(0 
—1  730 

—  3  031) 
—1  080 
—1  830 
—4  640 
-5.580 

—12  820 

—  15  800 
—6  480 

-4  890 

—10  I'.'O 
-32  140 
—14  170 
—31  570 
—22  170 

—  18  170 
—37  070 

—27  330 

—39  540 



41  720 
39  730 

32  690 
19  810 
26  830 
21  850 
19  900 
19  900 
18  820 
18  820 

33  000 

17  580 
13  930 

15  120 

16  450 
15  900 
15  780 
15  800 
15  100 
]  6  000 
13  600 

12  960 

13  000 
15  900 

13  600 

14  600 
12  100 
12  200 
11540 

11  440 

10  060 
9  210 

9  810 
9  810 

9  710 

9  830 

10  830 

8  000 

8  200 
8  700 
8  800 

7  200 

7  300 
7  300 

N.  .30 
N.  .30 
S.   .31 
S.   .30 
S.   .31 
S.  .36 
S.   .44 
N.  .44 
S.   .45 
S.   .45 
(N.  .201 
t  K.  .75 
S.   .57 
N.  .57 
S.   .62 
S.   .56 
N.  .60 
8.  .54 
N.  .64 
S.    .32 
N.  .28 
N.  .43 
(E.  .521 
IN.  .32( 
S.   .43 
N.  .12 
S.   .23 
S.    .05 
N.  .16 
S.  .16 
N.  .02 

N.  .04 

N.  .15 
N.  .04 

N.  .05 
N.   .05 

N.  .04 

00 

S.   .09 

S.   .11 

8.  .08 
S.  .09 
S.   .09 

S.   .17 

S.   .04 
8.   .07 

15  400 
>  11  800 

15  800 

12  700 
>12  000 

13  980 

16  810 

9  850 
9  510 

13  870 

9  730 

8  000 

.01 

.015 

.012 

.025 

.007 

.01 

.015 

.01 

.02 

.01 

.015 

'".m'o 

.01 
.01 

00 

00 
.004 

00 
.002 

00 

00 

00 
00 

00 
00 

00 
.002 

'"(io'"' 
"*oo"' 

.14 
.22 
.195 
•0.55 
■  .035 
.04 
.05 
.05 
.05 
.05 

.08 

.04 
.00 
.04 
•04 
.04 
.03 
•04 
.01 
.01 
.02 

.07 

.01 
00 
00 
00 
00 
00 

00 

00 
00 

00 
00 

00 
00 

""00" 
"06" 

Not  removed  till  load  fallen  to  30  000. 

Rather  sudden  at  0  inches  from  upper  end. 
Slowly  to  38  72U;  then  suddenly  to  19  810. 
Sudden. 

Elastic  limit  is  mean  of  two  tests. 

<( 

"         after  standing  a  while  at  maximum. 

"         bent  along  axis. 
t* 

(1 

W2- 

,, 

W  8- 

"if.  ".08  ' 

Very  sudden. 
Very  sudden. 

W8: 
W  6 

N.>  .98 

W6: 
W8- 

N.  .10 

N.  .89 

W8: 
W7. 

W7: 

N.  .15 
N.  .11 

N.  .74 

];;.>  .90 

. 

W8- 
W5- 

W7- 
W7: 
W7- 
W7: 
W6- 

Same  shift 

S.  .045 
N.  .15 
S.   .03 
S.   .10 
N.  .12 
S.   .06 
N.  .40 

N.  .08 

N.  .92 
N.  .11 

N.  .13 

N.  .13 

(N.  .04  1 

\W..06( 

N.  .07 

S.   .08 

S.   .54 

S.   .03 
S.    .16 
S.    .22 

S.    .08 

S.    .02 
S.    .11 

s.  .97 

N.  .59 
S.  .85 
S.  .39 
N.  .82 
S.  .87 
N.  .52 

N.  .77 

N.  .92 
N   .42 

N.  .54 
N.  .79 

S.  .72 

N.  .42 

S.  1.06 

S.  .56 

N.  .21 
S.  .94 
S.  .99 

S.  .41 

N.   47 
S.  .97 

Very  sudden.    Scale  disturbed  only  near  middle. 

Scale  disturbed  middle  12  inches. 

Maximum  lengthening  per  inch  middle  S.  =  .005. 

Scale  disturbed  in  middle  12  inches  by  reapplication. 

Scale  disturbed  in  middle  by  reapplication. 

Scale  slightly  disturbed  N.  side  middle  15  inches. 

Scale  not  disturbed. 

Scale  slightly  disturbed  middle  6  inches  S.  side. 

WO:      1     48 
W9-      (52 

Same  shifted  on  \ 

.05 

.02  south  of  axis 
.04 

.06 

1        1 

start  to  cause  fai 

1        1 

.09  north  of  axis 

.06 

.07 

1        1 

06  north  of  axis 
04 

N. .06             E. 
N.  .04              W. 

.04 
.02 

Scale  disturbed  middle  14  inches  by  reapplication. 
Scale  not  disturbed. 

" 

(< 

t€ 

ti 

W9:     1      62     1 
Same  applying  pr 

W6-     1      56    1 
Same  shifted  on  1 

00          1      E.    .02 
lure  in  opposite  direction 
S.  .09       1      E.  .03 

Scale  not  disturbed. 

Scale  slightly  disturbed  middle  14  inches  north  side. 

Scale  not  disturbed. 

•* 

n 

•* 

t< 

W  4-      1      60 
Same  shifted  on  b 

S    .C6        1      E. 

.03 

(< 

*' 

" 
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TABLE   No.  9. 


CoMPKESsiON  Tests  of  1-inoh  Square  Ikon  Bars,  Hinoed. 
[See  Plate  XI.) 
All  from   same  lot  of  iron  distinguished  by  letter  K.     Tested  as  from  rolls  with  rocking  bearings,  bars  vertical,  axis  of  pins  east  and  west. 


loads  in  pounds  per  square  inch. 


All  dimensions  in  inches; 
'  Deviation  "  is  from  straight  line  through  centers  of  ends  of  bars  at  middle  of  length. 


K— • 

K— ; 

Kl- 

Kl: 

Kl- 

Kl: 

K  11 

KU: 

KQ- 

K2: 

K3- 

K3: 
K5- 
RIS- 
KS- 


16 
16 

20 

20 
22 
22 
21 
21 
26 

26 

28 

28 
30 
HO 

32 


ratio. 


Condition  before  test. 


Twist. 
Arc  for 
radius  1. 


65 
65 

69 

69 
76 
76 
83 
83 
90 

90 

■    97 

97 
U)i 
104 

111 


Deviation  towards 


N.  or  S.       E  or  W. 


.04 

'  .'ol 

.03 

"m 

.06 


S.     .01 
N.    .01 

00 

00 
JJ.     .025 
8.      .015 


.04 
.04 
.02 


8.      .02 


8. 


.02 


N.     .06 
8.     .06 

N.     .03 

N.    .04 
00 


00 

03 

8. 

.05 

03 

S. 

.06 

N. 

.03 
00 

8. 

.02 

10 

N. 

00 
00 

00 
.04 

W.    .01 
W.    .U15 

W.    .02 

00 

00 

00 

W.    .02 

E.     .01 

W.    .02 

W.    .02 

E      .05 

W.    .04 

00 

W.    .02 

E      .02 

E.     .02 

W.  .04 

E.  .04 

W.  .03 

W.  .04 

W.  .03 

E.  .02 
00 

W.  .03 

W.  .04 

E.  .01 


Same  shifted  onljearings  .03  south  of  axis. 


K  7- 
K  7: 
K8- 


11 
14 

48 


152 
1.52 
166 


8. 

8. 


.07 
.03 
00 


00 
E.  .02 
E.     .01 


8ame  shifted  on  bearings  .01  south  of  axis 

KO-       I       52       I     180       I       ....       IS. 

8ame,  applying  pressure  at  start  to  cause 
site  direction 


.05     I  E      .04 
failure  in  oppo- 


Same,  applying  pressure  at  slart  to  cause 
south  again  


K.9:     I       52      1     180 


I  S. 


failure  towards 
.06     1  W     .05 


Same  shifted  on  bearings  .06  north  of  axis 
.04 
.02 


K  10 
K  10: 


56 
56 


194 
194 


N. 
S. 


.(It 
.01 


w. 

E. 


.08 

.07 


Same,  applying  pressure  at  start  to  cause  failure  in  oppo- 
site direction 

K20-     I       60       I     208       I        ....       I  8.      .02     1  W     .04 

Same,  applying  pressure  at  start  to  cause  failure  in  oppo- 
site direction 

Same,  applying  pressure  at  start  to  cause  failure  towards 
north  again 


-^  o 


cofl 


35  100 

35  100 
35  100 
35  100 
33  380 

33  380 
35  600 

35  600 

35  500 

35  500 
31340 

31  750 

35  500 

35  500 

32  900 
32  9U0 
32  900 

32  900 

34  340 
34  340 
34  340 

33  860 

36  410 
36  410 

36  410 

33  680 
33  6H0 
31  760 

31760 

36  000 


36Q:0 

36  000 
36  000 
36  000 

34  180 
34  180 


33  100 


31700 
34  300 

34  910 

33  910 

33  910 

34  700 

31  230 

32  220 

33  7.0 

33  450 

32  000 

30  700 

29  270 

33  000 

31350 

34  900 

30  910 
26  000 
20  900 
19  900 
31020 
23  320 
30  600 
18  890 
18  000 
14  600 

21850 

11000 
28  000 

14  120 

18  490 

15  000 


19  700 


16  900 

12  000 

8  700 
12  000 
18  200 

8  000 

17  500 


13  900 
12  800 

14  900 
18  000 


ss.§ 

OS'S 


—  190 

-  1190 
-1190 

—  400 
-2  150 
-1160 

-  1  850 

-2  150 

-3  500 

-4  800 

-  5  0(10 
-1750 

-4  150 


—  600 

-1960 
-6  900 
.  12  000 

-  13  000 

-  3  320 

-  11  020 
-3  740 
- 14  970 
- 18  410 

-  21  810 

- 11  560 


'>& 
c<s:S 

9  ° 
2  2 


W. 
(W. 

is, 
s. 

N. 


(E. 
IS. 

N. 
S. 

N. 


S. 

8. 


N. 
8. 
N. 
N. 
N. 
N. 


8. 
S. 

N. 

N. 

8. 


S. 

8. 

N. 
8. 
8. 

N 
8. 


.065 

.101 

.04} 

.03 

.035 


.09 


S.  .05 


.09  1 

.08) 

.095 

.12 

.05 


S.  .05 


.04 
.13 
.13 


.03 
.07 
.01 
.07 
.01 
.09 


N.  .11 


.37 
.08 


.05 
.11 

.06 

.15 

.12 

.02 
.03 
.11 

.11 

.07 


N.  .09 

N.  .02 

8.  .13 

8.  .04 


Just  after  pailube. 


Load. 


32  000 

30  000 

31  500 
19  940 
18  000 

16  8.50 

17  850 
14  590 

16  870 

14  000 

13  900 
12  780 
12  000 

12  940 

13  000 

9  980 

12  200 

13  930 
11  140 

9  170 

11  220 
8  9J0 

11130 

12  700 
12  910 

10  730 

11  000 

8  000 
10  610 

9  550 
8  300 


8  500 

8  200 

9  100 

8  500 
8  800 
8  400 

7  500 
7  600 

7  500 
6  100 

6  700 

5  100 


Deviation. 


W.  .075 

(W.  .17    I 

)S.  .05    ) 

8.  .08 


N. 
8. 
8. 
N. 
S 


(E. 
IS. 


.355 


.40 


.56 


.25    I 
.61    ) 


N.     .63 
S.     .(i5 


N. 
N. 


.73 


8.      .50 


8. 
8. 
S. 


.76 
.57 
.53 
N.  .61 
N.  >  .90 
.60 
.88 
.49 
.13 
.39 


N. 
N. 
N. 
N. 


N.  .71 

8.  .17 

8.  .97 

N.  .14 

N.  .69 

8.  .68 

N.  .82 

S  .78 

S  .46 

N.  .311 

N.  .35 

8.  .  89 


N. 
8. 


.47 
.86 


N.  .69 

N.  .68 

8.  .86 

N.  .89 


>    fl 

o  o 

so 


8.  .. 
W.  .305* 
W.  .11*1 
.12*) 
.28* 
.  365* 
.31 


8 

8. 
N. 
8. 


8.  .12* 

N.  .33 

8.  .38 

(W.  .211 

JS.  .30f 

8.  .41 

N.  .42 

S.  .44 

N.  .50 

(W.  .40) 

JN.  .30) 

(E.  .311 

{S.  .26) 


8. 

H. 
8. 
N. 
N. 
S. 
N. 
N. 


ir. 


8. 
8. 
8. 


.14 
.40 
.20 
.30 
.57 
.21 
.43 
.11 
N.  .02 
N.    .05 

N.     .22 


.17 
.46 
.01 

.06 

.08 


N.     .04 


8.     .09 


.07 

.05 
.05 
.13 


N.     .06 
8.      .06 


N.  .01 

N.  00 

.S.  .05 

N.  .06 


o  a  o 
S3.2 


a 


19  000* 

ib  (ioo 
"iVooo 


13  000 

13  400 
11710 
11  000 


13  500 

>9  780 
12  500 

12  920 
11240 

>  7  000 
11  510 

->  8  950 
11  630 

13  000 


10  630 

9  600 
>  7  000 


10  610 


9  600 


8  000 


9  000 

15  000 


a  a 

to  -^ 

a  M 

■S.2 


.015 
.025 

.02 

.02 

.015 

.015 

.01 

.015 

.015 

.015 

.015 

.015 

.01 

.01 

.015 

.01 

.01 
.004 
.01 
.007 
.01 
.007 
.005 
.002 
00 


.002 


.002 
.002 


00 


00 


00 
00 


SI  f 


.11 
.13 

.10 

.04 
.04 
.04 
.04 
.03 
.04 

.05  { 

.05 

.03 
.05 
.03 

.08  { 

.05 

.02 
.03 
.01 
.02 
.01 
.01 
.01 
.01 
.01 


.01 


.01 
.02 


00 


00 


00 
00 


Rkmarks. 
Mode  of  failure,  etc. 


Load  at  removal  22  000. 

Bent  along  axis.    *  After  load  fallen  to  30  900. 

*  "  -25  000. 

*  After  load  fallen  to  20  000. 
18  000. 

*  After  load  fallen  to  16  000. 

Bent    west  first,    load    falling    to  26  200,   then 
south  suddenly,  load  falling  to  16  870. 

Started  to  bend  east,  then  veered  south. 

Sudden. 


Bent  west  first,    load    falling    to    24  880, 
north  suddenly,  load  falling  to  12  940. 

Sudden. 

Slow. 

Rather  slow. 
Sudden. 


Bather  sudden. 

Very  slow.     Scale  not  disturbed. 


then 


Scale  not  disturbed. 


Scale  not  disturbed. 


Scale  very  slightly  disturbed. 

Scale  not  disturbed.    Very  slow. 

Very  sudden.    Varying  degrees  of  pressure  at 

start  gave  maxima  17  000,  9  900,  and  13  000, 

failures  all  toward  south. 


Rather  sudden. 


Started  fo  fail  towards  west,  veered  north. 
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TABLE   No.   10. 
Detail  of  Tensile  Test  of  l-inch  Square  Steel,  Series  W. 

Piece  Mark W  5 

Cross  Section 1.000  x  1.006. 

Area 1.006. 

Gauged  Length 8  and  10  inches. 

Machine Emery  300  000. 


-3 

a 
6< 

of     ex- 
1  in  units 
inch. 

a 
o 

CD 

per  cent. 

liemarks. 

p4  X 

a  eg 

a 
o 

Si 

a 

a 

M-O 

9/2=' 

<^J3 

QO 

h- ( 

cc  a 

ten; 
of. 

3§ 

a 
o 

X 

^ 

hI 

OQP^ 

R 

H 

H 



m 

* 

1006 

1,000 

2.50 

000250 

.0031 

5  030 

5  UOO 

9.50 

.001200 

.0150 

15  090 

15  000 

27.25 

.003925 

.0491 

1 

25  150 

25  000 

26.75 

.006600 

.0825 

.... 

Modulus  of  extension  =  29  630  000. 

35  210 

35  000 

27.00 

.009300 

.1162 

) 

5  030 

5  000 

.001425 

•  ■  •  • 

+.000225 

Modulus  of  elasticity  E  =  30  420  000. 

35  210 

35  000 

.009300 

.1162 

40  210 

40  UOO 

i3!75 

.010675 

.1334 

41  246 

41  000 

2.25 

.010900 

.1362 

42  i52 

42  000 

2.50 

.011150 

.1394 

43  258 

43  0U0 

2.75 

.011425 

.1428 

44  2(;4 

44  000 

2.50 

.011675 

.1459 

45  270 

45  000 

2.75 

.011950 

.1494 

46  276 

46  000 

2.50 

.012200 

.1525 

47  282 

47  000 

3.75 

.012575 

.1572 



Bar  scaling  upper  end  outside  of  gauge 
Ijoints. 

47  782 

47  500 

446.00 

.057175 

.71.59 

•   •  ■   • 

Scaling  lower  end,  elastic  limit  by  beam. 

47  782 

47  500 

250.00 

.082175 

1.03 

One  minute  later. 

47  782 

47  500 

975.00 

.179675 

2.25 

Two  minutes  later. 

47  782 

47  500 

.00 

.179675 

2.25 

One  minute  later. 

47  782 

47  500 

10  00 

.180675 

2.26 

'• 

47  782 

47  50J 

7.00 

.181375 

2.27 

tt 

48  288 

48  UOO 

8.00 

.182175 

2.28 

" 

49  294 

49  000 

12.00 

.183375 

2.28 

tt 

50  300 

50  (100 

240.00 

.207375 

2.59 

tt 

51  306 

51  (100 

109.00 

. 218275 

2.73 

tt 

52  312 

52  000 

•229.00 

.241175 

3.01 

54  324 

54  000 

380.00 

.279175 

3.49 

56  336 

56  000 

495.00 

.328675 

4.11 

58  348 

58  000 

535.00 

.382175 

4.78 

60  360 

60  000 

640.00 

.446175 

5.58 

.... 

Micrometer  removed.  Above  on  gaiiged 
length  8  in.,  below  on  10  in. 

62  372 

62  000 



0.70 

7.0 

64  384 

64  000 



0.81 

8.1 

66  396 

66  000 

0.98 

9.8 

68  408 

68  000 

1.18 

11.8 

70  420 

70  000 

1.67 

16.7 

70  780 

70  760 

2.17 

21.7 

.... 

Maximum  load.  Extension  taken  as  load 
begins  to  fall. 

70  0(,0 

69  580 

2.38 

23  8 

67  UOO 

66  600 

.... 

2.51    ; 

25.1 

56  000 

55  660 

.... 

* .  ■  ■ 

Breaking  load. 

2.71        27.1 

1 

.... 

After  rupture. 

Appearance  of  fracture,  fine,  silky  and  dull.    Kadial  markings. 

Position  of  fracture,  3|  inches  from  end  mark. 

Diameter,  .660  square. 

Per  cent,  reduction,  56.7. 

Elongation  of  inch  sections,  .23  X  .28  X  .09  (fracture)  X  .30  X.  26  X  .21  X  .20  X  .19  X  .18  X  .17. 


4  f^ 
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TABLE   No.  11. 
Detail  of  Compression  Test  of  l-inch  Square  Steel,  Series  W. 

Piece  Mark : W  5 

Cross  Section 1.005  x  1.002. 

Area 1.007. 

Gauged  Length  = Total  =  4.020  inches. 

Machine Emery  300  000. 


Load  applied. 
Pounds. 

Stress  per  square 
inch  original. 
Pounds. 

Stress  per  square 
inch  actual. 
Pounds. 

a  . 

?  0 

Is' 

C€    CD 
C    OQ 
C    <D 

00 

00 

.001 

.0035 

.006 
.035 
.042 
.050 
.057 
.079 
081 
.082 
.085 
.099 
.112 
.125 
.153 
.238 
.343 
.482 

1    ♦* 

a  a 
<o  o 

ag 

P4 

Enlarged 
Dimensions. 

1- 

ID 

to 

"5 

Remarks. 

40  280 

40  000 

45  000 

46  000 
48  480 

47  500 
47  500 
47  500 
47  500 

47  500 

48  480 
48  480 
48  480 
50  000 
52  000 
54  000 
56  000 
60  000 
70  000 
80  000 
90  000 

54  320 

57  520 
66  030 
73  250 
78  380 

00 

00 

0.02 

0.09 

0.15 
0.87 
1.05 
1.25 
1.42 
1.97 
2.02 
2.05 
2.12 
2.47 
2.80 
3.12 
3.87 
5.95 
8.. 57 
12.05 

1.038 
1.050 
1.067 
1.099 
1.155 

Specimen  removed  for  measure- 
ment after  each  load. 
Load  held  one  minnte. 

45  315 

.<                (• 

46  322 

<<                ■■ 

48  820 

Elastic  limit   shown  by  beam, 

47  831 

released  load  immediately. 
Load  held  one  minute. 

47  831 

.*                <( 

47  831 

<i               «« 

47  831 

ti                             n 

47  831 

tt               ti 

48  820 

(<               t* 

48  820 

(f                                     €t 

48  820 

€1                                    «• 

50  350 

tt                                    (( 

62  3fi4 

<(                                     t* 

54  378 

<<                                      « 

56  392 
00  420 
70  490 
•80  5G0 
i)0  630 

1.018X1.020 
1.026X1.024 
1.032X1.035 
1.047X1.050 
1.075X1.075 

€t                                4* 
((                                (f 
<<                                 <( 

"               "                   Speci- 
men skewed  so  much  that  it 
slips  on  face  of  platform.  Test 
discontinued. 
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TABLE  No.  12. 
Detail  of  Tensile  Test  of  1-inch  Square  Iron,  Series  K. 

Piece  Mark K  11 

Cross  Section 1 . 005  square. 

Area 1.010, 

Gauged  Length 8  and  10  inches. 

Machine Emery  300  000. 


^  0 

d 
0 

u 

eg 
"I 

0.5- 

a 

P4  en 

S^ 

<o    , 

a 

0 

Remarks. 

ft-S 

Pi 

a  c  0 

H  s 

cs  a 

§-s° 

>«  J 

S- 

g^ 

00.3 
£  3 

ififer 
ten 
of 

So 

■4^ 

1^ 

■35 

Q 

H 

H 

cc 

5  050 

5  000 

15.00 

.001500 

.0187 

10  100 

10  (100 

14.00 

.002900 

.0362 

} 

15  150 

15  000 

14.75 

.004375 

.0547 

£  =  27  910  000 

20  200 

20  000 

14.00 

.005775 

.0722 

5  050 

•••••■ 

.001475 

—  .000025 

25  250 

25  000 

14.00 

.007175 

.0897 

26  260 

26  000 

3.00 

.007475 

.0934 

27  270 

27  000 

3.00 

.007775 

.0972 

28  280 

28  000 

2.75 

.008050 

.1006 

29  290 

29  000 

4.00 

.008450 

.1056 

30  300 

30  000 

3.00 

.0087.50 

.1094 

31  310 

31000 

6.00 

.0093.50 

.1169 

32  020 

31700 

1108.00 

.120150 

1.50 

Elastic  limit  by  beam,  held  oue 
minute. 

32  320 

32  000 

11.00 

.1212.50 

1.52 

33  330 

33  000 

29.00 

.124150 

1.55 

34  340 

34  000 

380.00 

.1021.50 

2. (.3 

35  350 

35  000 

180.00 

.180150 

2.25 

36  360 

36  000 

300.00 

.210150 

2.63 

Micrometer  removed.  Above  oia 
gauged  length  of  8  inches,  below 
on  10  inches. 

38  380 

38  000 

0.32 

3.2 

40  40J 

40  000 

0.43 

4.3 

42  420 

42  000 

0  .54 

5.4 

44  440 

44  000 

0.69 

6.9 

46  460 

46  000 

0.90 

9.0 

48  480 

48  001) 

1.22 

12.2 

.50  300 

49  800 

1.94 

19.4 

Maximum  load. 

46  000 

45  540 

2.13 

21.3 



Bieaking  load.    Fell  rapidly  after 

maximum. 
After  rupture. 

Appearance  of  fracture,  100  per  cent,  fibrous. 
Position  of  fracture,  IJ  inches  from  end  mark. 
Diameter,  .835  X  .840. 
Per  cent,  reduction,  30.5. 

Elongation  01  inch  sections,  .30  X  .37  (fracture)  X  .22  X  .20  X  .19  X  .18  X  .17  X  .17  X. 
.16  X  .17. 

SUMMAET  OF  TeNSILK   TeST  OF   1-INCH   SQUARE  IRON. 

Series  K,  Piece  mark  K  5. 

Elastic  limit =  32  280  pounds  per  square  inch. 

Ultimate  strength =.50  490        "  " 

Elongation  in  10  inches =     25.2  per  cent. 

Reduction  of  area =     38.0       " 

Fracture  fibrous 100        " 
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TABLE  No.  13. 
Detail  of  Compression  Test  of  1-incli  Square  Iron,  Series  K. 

Piece  Mark Kll 

Cross  Section 905  x  .99.5. 

Area 990. 

Gauged  Length  = Total  =  3.984. 

Machine Emery  3O0  COO. 


13 

^  w 

fttS 

o 


19  800 

24  750 

25  740 

26  730 

27  720 

28  710 

29  700 
30C90 

31  680 

32  670 
Wl  670 

33  660 

34  650 

35  640 

36  6:iO 

37  620 

38  610 

39  600 
41  580 
43  960 
45  540 
47  520 
49  500 
54  450 
59  400 
64  S.-iO 
69  300 
80  700 


? 

s> 

J.  . 

h  ■ 

t; 

u  m 

^^  ♦» 

S-d 

O  0) 

o  a 

S  . 

A  ^ 

/3  ^ 

ca 

^1 
S  o  « 

06  O 

m  ^ 

op 

^^ 

D-CO 

<Xi    ^    ^ 

£.S£ 

a  si 

a  tjD 

tress 
inch 
Pou] 

S3^ 

a  a 

M 

m 

(1h 

Oh 

20  000 

000 

00 

25  000 

... 

000 

00 

26  000 

000 

00 

27  000 

000 

00 

28  000 

000 

00 

29  000 



000 

00 

30  000 

• . . 

.0005 

0.01 

31  000 

. .. 

.0015 

O.Oi 

32  000 

.003 

0.07 

33  000 

.022 

0  55 

33  COO 

... 

.023 

0.57 

34  000 

33  830 

.024 

O.fiO 

35  000 

.027 

0.67 

36  000 

.030 

0.75 

37  000 



.032 

0.80 

38  000 

37  690 

.039 

0.97 

39  000 

•  •  •  • 

.042 

1.05 

40  000 

39  6(W 

.046 

1.15 

4>  000 

.0,52 

1.30 

44  400 

43  710 

.069 

1.72 

46  000 

45  190 

.082 

2.05 

4H  000 

46  890 

.098 

2.45 

50  000 

48  440 

.116 

2.90 

55  000 

52  340 

.171 

4.27 

60  000 

56  240 

.236 

5.90 

65  000 

59  500 

.313 

7.82 

70  000 

6;  250 

.408 

1.02 

81620 

.756 

1.89 

Enlarged 
dimensions. 


.  998  X.  997 


.  999  X.  999 

i.oooxi.ooo 


003X1.003 

001X1.004 

007X1.007 

010X1.012 

O'JOX  1.020 

1.028X1.028 

1.040X1.040 

1.055X1.055 


a 


.995 


.998 

i!6oo 
i!6ofi 

1.008 
1.014 
1.022 
1.040 
1 . 0.it) 
l.OHl 
1.114 


Remarks. 


Load  held  one  minute. 


four  miniites. 
cipal  elastic  limit. 
Load  held  one  minute. 


Priu- 


tiuued. 

Cross  section  out  of  square  and 
irregular. 
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TABLE  No.  14. 

Detail  of  Compression  Test  of  l-incli  Bound  Steel,  as  from  Rolls. 

Laboratory  Number 233Ga. 

Piece  Blark 2336a. 

Cross  Section .». 1 .007. 

Area 800. 

Gauged  Length 8  inches  ceulral. 

Total  Length 12.01.5. 

Machine Emery . 


Load  applied. 
Pounds. 

Stress  per  square 
inch.    Pounds. 

Difference  of 
shortening  in 
units  of  .000  tin. 

a 
'a 
S 
S   . 

ta  o 
I- 

Shortening  per 
cent. 

Set. 

Remarks. 

1600 

2  000 

6.25 

.000625 

.0078 

4  000 

5  000 

8.75 

.OOl.iOO 

.0187 

8  000 

10000 

14.50 

.002950 

.0)69 

12  000 

15  000 

14.50 

.004100 

.0550 

16  000 
20  000 
21000 

20  000 
25  000 
30  000 

13.75 
14.00 
13.75 

005775 
.007175 
.00H550 

.0722 
.0-*97 
.1069 

,  J^  =  38  830  000.      Modulus  of 
'      pression  =  28  680  000. 

com- 

28  000 

35  000 

13.25 

.009875 

.1234 

4  000 

5  000 

.   .  •  < 

•   •  •  * 

+  .000050 

J 

32  000 

40  000 

12.75 

.0111.50 

.1394 

32  800 

41  000 

2.75 

.011425 

.1428 

33  600 

42  000 

2.25 

.0116EO 

.1456 

34  400 

43  000 

2.50 

.011900 

.1487 

Fii'st  break  of  scale,  lower  end. 

35  200 

44  000 

2.25 

.012125 

.1516 

3t5  000 

45  000 

2.!=.0 

.012375 

.1547 

36  800 

46  000 

2.25 

.012600 

.1575 

37  600 

47  000 

2.50 

.012850 

.160; 

38  400 

48  000 

3.00 

.0131.50 

.1644 

38  800 

48  500 

1.25 

.013275 

.1659 

Scaled  IJ  inches  lower  end. 

39  200 

49  000 

3.25 

.013600 

.1700 

39  600 

49  500 

5.75 

.014175 

.1772 

Going. 

39  600 

49  500 

17.50 

.01.5925 

.1991 

] 

39  600 
39  600 

49  500 
49  500 

26.00 
29.00 

.018525 
.021425 

.2316 
.2678 

About  f  minute  intervals. 

39  6IJ0 

49  500 

34'.  50 

.024875 

.3109 

39  600 

49  500 

65.00 

.031375 

.  3922 

Scales   in   middle.     Gone   by 
Bending  left  front. 

beam. 

37  300 

46  625 

■  •  •  ■ 

Fell  to  this  slowlv. 

38  000 

47  500 

Rose  to  this  slowly. 

OO 

00 

.... 

.175 

2.19 

Removed  and  measured. 

38  400 

48  000 

Replaced. 

Second  maximum. 

28  000 

35  000 

.... 

■  •  •  • 

Load  falliug.     Removed. 
Upper  bearing  opened  at  edge. 

Maximum  ordinate  1  inch  above  middle  =      .61  inch. 
Chord  shortening =0.315    " 
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APPENDIX. 


CAMBRIA  IRON  COMPANY— TESTING  LABORATORY. 

Johnstown,  Pa.,  May,  1887. 

Detail  Reports  of  Compression  Tests  of  1-inch  Square  Steel, 
Series  W.  70  000-pound  Cambria  Bessemer  Steel,  with  Hinged 
Ends. 

Explanations. 

All  tested  as  from  rolls,  not  cold  straightened. 

Ends  of  bars  were  plane,  and  rested  on  liinged-rocker  bearings  with 
lubricated  pins,  the  bearing  surface  of  which  is  in  plane  of  axes  of  i^ins. 

Deviations  were  taken  at  middle  of  bar,  and  are  referred  to  the 
straight  line  passing  through  centers  of  ends  of  bar.  Deviations  given 
for  load  00  Avere  measured  before  putting  bar  into  testing  machine  by 
ajiplying  a  straight  edge.  Deviations  under  load  were  obtained  by 
measuring  with  a  steel  scale  the  ordinates  from  fine  fish  cords  stretched 
parallel  to  bar  by  means  of  a  clamp  at  bottom,  to  which  one  end  of  cord 
was  fastened,  and  a  similar  clamp  at  top  carrying  grooved  pulleys  over 
which  the  cords  passed  Avith  weights  attached  to  overhanging  ends. 
Deviations  under  no  load  and  under  initial  load  of  200  or  500  pounds 
are  assumed  to  be  equal. 

The  tests  were  made  on  a  vertical  300  000-pound  Emery  Testing 
machine.  Axis  of  i)ins  in  all  cases  east  and  west.  All  bars,  excejjt  a 
few  of  the  longest  ones,  were  scribed  every  inch  on  all  four  sides,  and 
the  inches  are  referred  to  by  numbers  beginning  at  bottom. 

Marked  end  of  bar  was  down  in  all  cases. 
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Description 

of 
Specimen. 


Mark,  W  5 

Length, 12.03  in. 

Size, 
1.000  X  1.005  in. 


Load. 

Load. 

Deviations. 

Lbs. 

Lbs.  per 

sq  in. 

N. 

S. 

E. 

W. 

In. 

In. 

In. 

In. 

00 

00 

00 

00 

200 

00 

00 

5  000 

00 

03 

10  000 

00 

00 

20  000 

.005 

00 

■SO  000 

.005 

00 

40  000 

.005 

00 

41000 

.005 

00 

42  000 

.005 

.005 

43  000 

.005 

.005 

44  000 

.005 

.005 

4.T  000 

.005 

.005 

46  000 

.005 

.005 

47  000 

.005 

.005 

48  000 

.005 

* 

.005 

49  000 

.005 

00 

50  000 

.005 

00 

51000 

.005 

00 

51600 

51350 

.01 

00 

49  800 

.... 

.gi 

00 

49  800 

.01 

.01 

49  800 

.01 

.01 

50  000 

.02 

.03 

48  600 

.03 

.05 

49  400 

.03 

.07 

45  500 

.22 

45  000 

!69 

.28 

200 

.09 

.27 

5  000 

.09 

.27 

10  000 

.09 

.27 

15  000 

.09 

.27 

20  000 

.o:) 

.28 

25  000 

.09 

.28 

30  000 

.09 

.28 

35  010 

.09 

.28 

36  000 

.t9 

.28 

37  000 

.09 

.29 

3-i  000 

.09 

.29 

39  000 

.09 

.20 

40  000 

.10 

.29 

41000 

.10 

.29 

42  000 

.10 

.29 

43  000 

.10 

*  * 

.29 

44  000 

.10 

.29 

4t  800 

^ 

.11 

.30 

43  200 

.12 

.32 

Kemarks. 


Scalinp  on  ends,  blightly  at 

middle. 
Gone. 
Scaled  2  inches  upper  end, 

1|  inches  lower  eud. 

Scaled  3  inches  upper  end, 

2  inches  lower  end. 
Scaled  4  inches  upper  end, 

3  inches  lower  eud. 
Scaled  5  inches  upper  end, 

3  inches  lower  end. 
Scaled  6  inches  upper  end, 
3  inches  lower  end. 


Sp3cimen  removed. 


Chord  shortening  =  .33  inch. 


At  1        2 

Ordinates  west     j   .02     .04 

south  (   .02     .05 


3 

4 

5 

6 

7 

8 

9 

10 

11  inches. 

14 

.22 

.30 

.32 

.30 

.24 

.16 

.09 

.O.i  inch. 

09 

.12 

.12 

.13 

.11 

.09 

.06 

.04 

.02      " 

Shortening  Per  Inch. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12  inches 

Pest  Side   ( 
ast  Side    ( 

.02 

.015 

.015 

.01 

.03 

.045 

.05 

.04 

.03 

.o^ 

.02 

.Oi.inch. 

.04 

.04 

.03 

.02 

00 

—  .01 

00 

00 

.02 

.03 

.05 

.05     " 
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Description 

Load. 
L'js. 

Load. 

Deviations. 

of 

Lbs.  per 
Bq.  in. 

Remarks. 

Specimen. 

N. 

S. 

E. 

W. 

lu. 

In. 

aiark,  W  8 

00 

200 

00 

(10 
00 

00 
00 

Length,  12.04  in. 

5  00) 
10  000 

00 
00 

00 
00 

Size. 

20  000 

00 

00 

1.003x1.004  in. 

30  000 

40  000 

41  000 

42  000 

43  000 

44  COO 

45  000 

uo 

00 
00 
00 
00 
00 
00 

00 
00 
00 
00 
00 
00 
.01 

46  000 

00 

01 

47  000 

00 

01 

Scaled  2  inches  at  upper 

end. 

47  800 

47  480 

00 

02 

Gone. 

47  800 



00 

01 

Scaled  2^  inches  upper  end, 
1  inch  lower  end. 

48  COO 

.... 

.005 

01 

48  800 

48  470 

.01 

02 

Scaling  more  rapidly. 

48  000 



.03 

"' 

02 

Scaled  5  inches  upper  end, 
1  inch  lower  eud. 

46  000 

•  *  ■  . 

.07 

03 

40  000 



.25 

03 

Scaled  7  inches  upper  end, 
1  inch  lower  end. 

35  000 

.32 

04 

33  000 



.28 

04 

Probably  extent  of  rocking 
motion. 

34  300 

.... 

.30 

04 

36  000 



.32 

Past  extent  of  rocking  mo- 
tion. 

200 

•  • . . 

.32 

04 

5  000 

.... 

.32 

10  000 

.... 

.33 

15  000 

.... 

.33 

"■ 

25  000 

.... 

,  , 

Extent  of  rcickiug  motion. 

Specimen  removed. 

Aftee  Specimen  Eemoved. 


At 

1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12    inches 

Ordinates  North  ( 

.07 

.14 

.21 

.29 

.35 

.38 

.35 

.32 

.2") 

.It) 

.08 

. .    inch. 

East     1 

.02 

.025 

.03 

.04 

•04 

.045 

.04 

.04 

.o;j 

.02 

OO 

—  .02      " 

Shortening  Pek  Inch. 


At  1  2 
North  Side  (  .005  0 
.^stSide     1    .01 


0 


3      4       5       0       7         8  9 

0       0     .02     .04      .04     .035     .025 
0       0        0        0*       0*        Ot        .01 


10        11        12    inches. 
.025     .025     .02    inch. 

.01       .04      .01 


*  Sca^e  dislurbed  by  tension.        t  Scale  disturbed  by  compression. 


MARSHALL    ON    COMP.   STRENGTH    OF   STEEL   AND   IRON. 


79 


a 


•d 


Sec 


§ 

M 

H 

< 

M 
> 

m 


Cl  *1  C)  n  fM  (M  -r^i  rH  r-1  ^H  ^H  CI  -M  C)  C^  CI  C^  ^1  CI  -M  C^  ^ 

-OOOOOOOOOCOOOOOOOCJOOOO 


1^ 


a  oo  o  o 


*  p<.5 

O  to    _!, 


'3    DO 


a 

, 

o 

a 

o 

» 

i-i 

a 

m 

O 

0000  =  0  =  00000000=00000  =  20000000 

OOOOO'OOOOOOO'^COOOOOOOC'O'OOOCOOO 

SoOOOOOOOOOOOOOOOOOOOOaDOCMOOOO 

»«oocir:o  —  '^Jo:i^»-'T:ot'i^c:o  —  'Mccrj*to>o-»*<       icoc-QO 


. 

o 

CO 

ra 

C/J   X 

^n 

to 

c 

a; 

h] 

T-H 

•as-- 


o  o  -* 

Cl  o  « 


IB  !>» 

a-3  - 

a  ro  CJ 
o  >  u 
ai  ?  o 


o 
z 

ft 

o 

S5 


'Orto 


iH  o         lO 
•  00  o 


r"  O 


U5  O 
1-1  o 


t-  o 


•<*      to 

>-<  l-H 

o  o  o  o 


S      -    s 


•a 

X 

-*^ 

3 
o 
02 


o 


a 

CD 


n 

c 
•a 


o 


9  > 

o  o 

a  ^ 


Has 


1 

&:" 

.  CC  0?  C-l  Cl  CI  (M  tM  C^  C>1  C^l  <^  <M  Cl  CI  C^  C-l  C^  (M  «  I'i 

nOooooooooooooo=ooooo 
)— 1 

W  ^  -^  l-H  Cl  CI 

.  o  o  o  o  o  o 

H 

3 


O    ffi    ,1^ 

1-1 


.ClClClC3  0^??CCCC'»*<-'*-H-HTt<'*»O»Air}»aOXCCOO-*«Dr-(-* 

aooooooooooooooooO'*ooai=oc-t-t-xx 

hH O 

o  o 

<-) lo 

«5 


3^ 


ooooooooooooooooooooooooooo 

0000000000000000  =  0000000000 

cioooooooooooooooooomciooooo 

IC  CO  t-  X  C5 


MX      •" 


•2« 


a  ■"■   9 

CI      EG   ^ 

O    "^     o 


o 

<3  O 

o 

CI 

o 

320 

X 

r-1  o 

T-t 

SO 


;;  = 


S=  =oS 


T! 

,—1 

a 

C3 

c 

to 

a 

<— < 

•«j 

•4-1 

;3 
o 

QJ 

0) 

ti4 

o 

Qi) 

Tl 

^ 

(T^ 

C3 

Of 

n 

S! 

^ 

ss 


■*  5  I-I 


O  H  O 


«    tog 

ft 
o 
S 

S5 

H 

« 

O 

X      1-1 


M 
^ 


l£0 


o 


5  = 

CJ 


o 


80 


MAKSIIALL    OX    COUP.   STREXGTII    OF   STEEL   AND    IRON. 


o  °  a       • 

a  a  o     s 

d 
o 

o  o      o 

00 

s    "^    a 

III  1 

a-d 
9  o 

CO 

So 

"O 

a 
3 

^3 
<M  a 
^.2 

coeS 

«-s.S|S 

CI  5  .a 

o  o 

.  a 

•ss,-^-a;3 

•«->    (U 

'•^   Ot 

Ox             W 

H^ 

<N  O    » 

.««CJC?^ICflCl«C1<M'N'M«'M(NC^C4C^«                                         ^H 

.a 

u 

^ 

q  o  o  o  o  o  c  =  o  =  o  o  o  o  o  o  o  o  o  o    •    •                -o 

>     .     . 

.9 ' 

--w2 

'^'  ^^  «i 

X  CJ 

-mo 

g  o-S 

^"°a 

o 

, 

II II 

» 

—      •^    • 

«   c;  ^  a 

P 
S 

OB 

.  ^  r-l  ,H  O  O  O 

a°==            ::::::::-:::::            ::::::::: 

■     >     • 

■a  : 

a  ; 

ClJ       T-l    O    "^ 

«      "2 

1-l<MC^^nlnn?TM■*-*L'^^o^-rHO               ow*<DO(Niooomoo-*» 

a  a 

i^          ■:S 

Iz; 

a O00CJO00CO0000.-1O              a>-«Tii-«i-<no>o<o«Joc-oo 

«  -'o'« 
o          ■  >> 

■    '                                       A 

^-  ^.9 

g §    .                

S  ssS 

=■::::::::::::::::::§:           :::::::::::: 

^ofc 

O    CD    _L 

.9^ 

-^  o 

-*  •           

ooooocooooooooooocooo               coooooooe 

o  o  o 

"O  ai 

00000  =  =  00—  O—  0»  000000=                  oooooooooooo 

-*        !* 

«|.2 

CHOOOOOOOOOOOOOOOOOX-O                      r3(r>0000000000 

3^ 

lOOOO'OO^ff'im-XirUDt-XmO-'^CO                      t:-         i-KMmrKin-JSlr-MCsO 

-£og 

■HritNcicocccomcomcocomco^-*-*!-! 

1— I 

—  1 

4>       CU 

s        « 

•«          fl 

"B     TS 

a 

t—            '^ 

o      a 

oj           mo 

CO    M 

3cripti 

of 
ecime 

f^     -a     cc  «      S 

.a   d 

§  1 

s      -i7 

ft     -^ 

J'      S         °      a 

to 

CO 

m 

.-a 

2o 

M 

.§i 

yi 

.  03 

c^ 

a 

^a 

Ph" 

1              II 

^                         ^^ 

_^ 

o    - 

■    a 

^ 

fl  " 
go 

2  2  '=^ 

» 

"d 

§ 

o 

"9  5 

W 

fl  O  O  O  O  O  O  O  O  O  O  O  O  CO  O    -o o 

M O 

il    1 

t-< 

-g.9 

ft 

cc 

a 

•S  «" 
^  a 

5   a 

3     V 

"    o 

1^ 

•    -73 
«g5 

"o    t; 

.50";t-xioio— (-•<Minmm«u5-*ocxo50-jeo-*exo«io  —  t-iiro 

H 

•    3 

1 

12; 

aoooooo2.-'-H.-.CMC^rtr3,-t-(Mc»c-icor?mnmnM'-*-*u:o:oci 

o 
K 

^515    to 

ad. 
per 
in. 

:::::::::::::!::::::::::::::::: 

2S  ^ 

::::::::::::  :jH  ::::::::::::::::  : 

11 

o  u 

cog  -3 

"S" 

ooooooooo=ooocioooo  =  oo-o~o-ooo^o 

a                 > 

00=0=000000000000000000—0000000 

JS 

(M0  0  0O=O0000O00im0;30OO0OO0=C000O 

'"2::;?.':SS?,SSg«S3          -C«*OOt-XO  =  ;;.22^^ 

w       9. 

r-4            CO 

— '       1 

2     0 

•9         a 

0          0 

r3      -a 

^      2 

p.^  a 

..       •         o      g;      t£ 

M    in 

.a    j3 

Desen 

0 

Speci 

^       -     -2-      S     o 

.in       (sc          5;       m       to 

fH        a            o       frt       '.^ 

5     S        9      a      ^ 

1    ^ 

1 

1 

I 


MARSHALL   ON    COMP.  STRENGTH    OF   STEEL   AND   IRON.         81 


Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs  per 

Remarks. 

Specimen. 

sq.  in. 

N. 

8. 
In. 

E. 

W. 
Id. 

Mark,  W  8- 

00 

200 

00 

.015 
.015 

.03 
.03 

Length,  39.90  in. 

5  000 
lOOUO 

.015 
.015 

.01 
.01 

Size, 

15  000 

.015 

.01 

1.000  X  1  000. 

20  00  J 
25  000 
30  000 

35  000 

36  000 

37  000 
37  980 

37' 980 

.015 
.025 
.,025 
.035 
.045 
.04.> 

.    .01 
.01 
00 
00 
00 
00 

Failed  very  suddenly. 

13  000 

13  000 

.975 

Scale    disturbed   in    middle 
12    inches    concave    side, 
slightly  on  other  side. 

200 

.435 

1  000 

.445 

2  OOIJ 

.465 

3  000 

.505 

3  500 

.515 

4  000 

.545 

4  50IJ 

.555 

5  UOO 

.585 

5  500 

.605 

6  000 

.635 

7  000 

.705 

7  500 

.725 

8  000 

.... 

.765 

8  500 

.805 

9  000 

.845 

Extent  of  rockins  motion. 

200 

.435 

Removed  specimen. 

Ordinate  north  at  middle  = 

"        west  "  = 

Chord  shorienins = 


.44  inch. 
015     " 
.01     " 


Shodtekikg  Per  Ikch. 
1  to  18        19        20        21 
0  .005     .005     .005 

South  side  not  perceptible. 


North  Side 


22 

.005 


23  to  40 

0 


Description 

Load 

Load. 

Deviations, 

of 

Lbs. 

Lbs.  per 
sq.  in. 

Remarks. 

Specimen. 

N.         S. 

E. 

W. 

In. 

In. 

Mark,  W  5- 

00 

00 

.08 

.015 

200 



.08 

.015 

Length,  39.98  in. 

3  000 

5  000 

.09 
.09 

.015 
.015 

Size, 

7  500 

.... 

.10 

.015 

1.000  X  1.005. 

10  Olio 
12  500  • 

.... 


.11 
.12 

.015 
■015 

Ends  square. 

15  000 

17  500 

19  300 

15  900 

200 

3  000 

5  000 

7  5J0 

lOOJO 

12  500 

14  900 

15  000 
15  400 
15  400 

200 

19  210 

.13 
.15 

!f,9 
.12 
.13 
.14 
.16 
.18 
.21 
.32 
.38 
.48 
.60 
.15 

.015 
.015 

.025 
.015 

.025 

Going,     Failed. 

Going. 

Scales  on  inside. 
Specimen  removed. 

Ordinate  south  at  middle  =  .16  inch. 

Chord  shortening =    00'    " 

Shortening  per  inch  not  perceptible.    Scale  disturbed  on  midile  12  inches  south  side. 
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Description 

Load. 
Lbs. 

Load. 

-  \ 

Deviations. 

of 

Lbs.  per 
sq.  iu. 

Remarks. 

Specimen. 

N. 

S. 

E. 

W. 
In. 

In. 

Mark,  W  7- 

00 

00 

00 

00 

.01 

200 

00 

00 

.01 

Length,  41.97  in. 

5  000 
10  000 



.01 
.01 

•• 

.01 
.01 

Size, 

15  000 

.... 

.01 

00 

1.000  X  1.000. 

20  000 
25  000 

.01 
.02 

•• 

.01 
.01 

Twist  right 

30  000 

.... 

.02 

.01 

hand  =  .06  in. 

31000 

32  000 

33  000 

34  000 

34  000 

.02 
.03 
.03 

•• 

.01 
.01 
.01 

Failed  very  suddenly, 

13  600 

.85 

Extent  of  rockiug  motion. 

200 

.... 

.23 

.01 

Scale    disturbed    uiiddle   14 
inches  north  side. 

1000 

•  •  •  ■ 

.24 

2  000 

•  ■  •  ■ 

.25 

3  000 

•  •  •  • 

.27 

4  000 

•  •  •  > 

.29 

5  000 

.... 

.31 

6  000 

.... 

.34 

7  000 

.... 

.38 

8  000 

.... 

.43 

9  000 

.... 

.50 

10  000 

•  •  •  » 

.60 

11  000 

.73 

11  800 

>  *  •  • 

.8-2 

Extent  of  rocking  motion. 

200 



.23 

Removed  specluien. 

Ordinate  i 

] 

jorth  a 

East. 

t  niidd 

6=  .2 

5  inch 

)1     •' 

C 

herd  sho 

rteuini 

Tf  ..... 

..  = 

0     " 

Shortening  Peb  Inch. 

T.T ,,    „.  .„    f        Middle  6  inches  total.        Middle  2    Inches  total. 

North  Side    |  q_,.  ^.^ 

South  Side  not  perceptible. 


Description 

Load. 
Lbs. 

Load 

Deviations. 

of 

Lbs.  per 
sq.  in. 

Remarks. 

Specimen. 

N. 

S. 

E. 

w. 

In. 

In. 

00 

00 

.05 

oo 

Mark,  W  7: 

200 
5  000 



.05 
.04 

DO 
0 

Length,  41.97  in. 

10  000 
15  OUO 



.06 
.09 

.01 
.01 

Size, 

10  000 

.... 

.10 

01 

l.OOU  X  l.OOO. 

10  «no 

14  000 
14  500 
14  500 

16  600 

!39 
.40 
.42 

Failed  slowly. 

200 

•  ■  • . 

.05 

00 

Scale  undisturbed. 

5  000 

.... 

.06 

00 

10  000 

.... 

.07 

00 

12  000 

.... 

.09 

.01 

13  00  J 

.10 

01 

14  ODO 

.10 

01 

15  000 

.... 

.12 

01 

15HO0 

Failed. 

14  700 

.35 

14  9IM) 

.... 

.54 

14  50(1 

.... 

.62 

14  000 

.... 

.69 

Scale  disturbed   slightly 

in 

middle   12    inches    sou 

th 

side. 

13  500 

.... 

.73 

, 

200 

.... 

.14 

•• 

Removed  specimen. 

Ordinate  north  at  middle  =  .14  inch. 
"        west        "  =  .02     " 

Chord  shortening =  00  ■" 

Shortening  per  inch  not  i)erceptible  whore  scale  disturbed. 
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Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs.  per 
sq.  in. 

Eemarks. 

Specimen. 

N. 

S. 

E. 

W. 

In. 

In. 

00 

00 

.06 

.02 

Mark,  W  ?• 

200 

.08 

.02 

5  000 

.06 

.02 

Length,  43.97  in. 

lOOOU 
12  000 

.06 
.07 

.01 
.01 

Size, 

13  000 

.07 

.01 

1.000  X  1.000  in. 

14  000 

15  000 

.07 
.07 

_ 

.01 
.01 

Has  some  dents  on 

16  000 

.08 

.01 

the  corners,  and 

17  000 

.08 

.02 

right  hand  twist 

18  009 

.08 

.02 

=  .06  in. 

19  000 

20  OUO 
200 

20  000 

21  000 

22  000 

23  000 

24  000 

25  000 

.08 
.08 
.06 

.08 
.09 
.09 
•  .10 
.10 
.11 

• 

• 

.02 
.02 

.02 
.01 
.01 
.01 
.01 
.01 

To  confirm   original  devia- 
tion. 

26  000 

20  0.0 

.12 

Failed. 

J  2  100 

12  100 

.82 

!6i 

Not  qnite  extent  of  rocking 

motion.       Scale    slightly- 

disturbed    in    middle    12 

inches  south  side. 

200 

.  • .  ■ 

.16 

.01 

1000 

.16 

* 

2  000 

.16 

3  0110 

.17 

4  000 

.18 

5  000 

.19 

6  000 

.20 

7  000 

.21 

8  000 

.22 

9  000 

.25 

10  000 

.28 

11  000 

.35 

12  000 

.51 

Going. 

12  000 

.56 

12  400 

.(56 

12  700 

.96 

Scale  disturbed  in  middle. 

200 

.24 

01 

Specimen  removed. 

Ordinate  south  at  middle  =  .20  inch. 

west         "  =  .01     " 

Chord  shortening =   00     " 


Shortening  apparently  .01  inch  in  middle  sx  inches,  south  side. 
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Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs.  per 
sq,  in. 

Remarks. 

Specimen. 

N. 

S. 

E. 

w. 

In. 

In. 

Mark,  W  7: 

00 

00 

.025 

.01 

200 

... 

.025 

.01 

Length,  43.07  in. 

5  000 
10  000 

.02 
.02 

.01 
.01 

Size, 

15  000 

.03 

.01 

1.000x1.000  in. 

20  000 
25  000 

.03 
.04 

.01 
.01 

No  twist. 

26  000 

27  000 

28  000 

29  000 

... 

.04 
.05 
.05 
.05 

.01 
.01 
01 
.01 

3  1  000 

30  000 

.06 

Failed  very  suddenly. 

12  200 

12  200 

.87 

Scale  disturbed  in    middle 
15  inches  north  side. 

200 

.16 

00 

1  000 

.16 

2  000 

.18 

.  . 

3  000 

.19 

4  000 

.20 

5  000 

.21 

6  000 

.23 

7  000 

.25 

8  000 

.30 

9(:00 

.36 

10  000 

.45 

11000 

.63 

12  000 

.85 

Extent  of  rocking  motion. 

200 

•• 

.17 

• 

Specimen  removed. 

Ordinate  north  at  middle,  =  .  18  inch, 
east  "  =  .01    " 

Chord  shortening =    00    " 

Shortening  per  inch  not  perceptible. 


Description 
ot 

Load. 
Lbs. 

Load. 

Lbs.  per 

sq.  in. 

Deviations. 

Remarks. 

Specimen. 

N. 

S. 

E. 

W. 

In. 

In. 

Mark,  W  6: 

00 

00 

.06 

.04 

200 

.06 

04 

Length,  48.00  in. 

5  000 

6  000 

.09 
.11 

04 
03 

Size, 

7  000 

*  •  ■  • 

.11 

OJ 

1.003x1.003  in. 

8  000 
8  000 



.13 
.14 

03 

Right  hand  twist  = 

9  000 

.... 

.20  1     . 

03 

.05  in. 

10  000 

10  600 

10  720 

200 

1  000 

2  000 

3  000 

lb  6C0 
.... 

.34 
.72 
.92 
.15 
.15 
.17 
.18 

04 
6o 

Failed. 

4  000 

.... 

.20  i     . 

5  000 

.22 

GOOO 

.... 

.27 

7  000 

■  >  .  • 

.33 

8  000 

.... 

.42 

9  000 

>  •  ■  • 

.62 

9  90U 

9  850 

.92 

Extent  of  rocking  motion. 

Scale    slightly    disturbed 

in  middle  14  inches  south 

side,  but  shortening  per 

inch  not  perceptible. 

Ordinate  south  at  middle  =    .16 

west  "         =    .01 

Chord  shortening =  .005 


inch 
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Description 

1 

i   Load. 
Lbs. 

1    Load. 

Deviations. 

of 

|Lbs.  pel 
sq.  in. 

Remarks. 

Specimen. 

N. 

.     S. 

E. 

W. 

In. 

In. 

Mark,  W  6- 

00 
200 

00 

.02 
.02 

•• 

.03 

.03 

Length,  48.00  in. 

5  000 
10  000 



.03 
.04 

> 

•• 

.02 

.02 

Size, 

13  'MM 

13  130 

.40 

Failed. 

1.003X  1.003  in. 

11  GOO- 

11540 

.52 

200  ,      

.02 

!63 

5  000 

.02 

.02 

10  000         

.03 

.03 

11  000 

.... 

.04 

.03 

12  000 



.04 

.03 

13  000 

.... 

.05 

.02 

14  000 

13  980 

.06 

Failed  rather  slowly. 

11500 

.... 

.45 

200 

.... 

.02 

.. 

!o3 

'      00 



.02 

■• 

.03 

Specimen  placed  .02  inch 
south  of  axis. 

200 

.02 

.03 

5  000 

.02 

,, 

.02 

10  000 

.03 

.03 

11  000 

.03 

.03 

12  000 



.04 

.03 

13  000 



.04 

.03 

14  000 

.... 

.04 

.03 

15  000 

.04 

.03 

. 

16  000 

^ 

.04 

.03 

17  000 



.05 

.03 

18  000 

.... 

.05 

.04 

19  000 

.06 

.04 

20  000 

.... 

.06 

.04 

21  000 



.06 

.04 

22  000 



.07 

.04 

23  000 

22  870 

.08 

Failed  suddenly.  Scale 
slightly  disturbed  in  mid- 
dle 6  inches  south  side. 

11500 

11440 

.77 

200 

.04 

!63 

1000 

.... 

.04 

.03 

2  000 

.... 

.04 

.02 

3  000 

.04 

.02 

4  000 

.... 

.05 

.02 

5  000 

.... 

.05 

.02 

6  000 

.... 

.05 

.02 

7  000 

.... 

.05 

.02 

8  000 

.... 

.06 

.02 

9  00) 

.... 

.06 

.02 

10  000 



.07 

.03 

11  000 

.... 

.07 

.03 

12  000 



.07 

.03 

13  000 

.... 

.08 

.03 

• 

14  000 

.... 

.08 

.02 

15  000 

.09 

.03 

16  000 

.10 

.03 

16  900 

le'sio 

. 

..       ] 

Failed. 

11200 

.... 

!57 

200 

— 

.04 

!63    i 

Specimen  removed. 

Ordinate  south  at  middle   =  .04  inch. 

"        east            "  =  .03      " 

Chord  shortening =    00      " 

Scale  disturbed  very  slightly  in  middle  6  inches  south  side. 
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STEEL  AND    IRON. 

Description 

Load. 
Lbs. 

Load. 

Deviations. 

ot 

Lbs.  per 

Remarks. 

Specimen. 

sq.  in. 

1 

N. 

S. 

E. 

W. 

In. 

In. 

Mark,  W  9- 

GO 
200 

00 

.04 
.04 

.02 
.02 

Length,  51.96  in. 

5  000 

6  000 



.06 

.07 

•• 

.03 
.03 

Size, 

7  000 

>  •  >  > 

.08 

.03 

1.008  X  1.002  in. 

8  000 
9U00 

9  900 
9  500 
9  300 
9  600 
9  400 
9  600 
9  500 

200 
500 

200 

5  000 

6  000 

7  000 

8  000 

9  000 

10  000 

11  000 

12  000 

13  000 
13  400 

9  900 
200 
500 

200 

9  8io 
9  210 

13' 270 

.09 
.11 

!42 

'.hi 
.62 

.72 
.04 

.05 
.07 
.07 
.07 
.08 
.09 
.09 
.10 
.11 
.13 

'.54 
.05 

.05 

•  • 

.03 
.03 

!62 

.02 
.03 
.03 
.03 
.03 
.04 
.04 
.04 
.04 
.04 

!62 

.02 

Failed. 

Specimen  placed  .02  iuoh 
south  of  axis. 

Failed. 

Scale  not  disturbed. 

Specimen  placed  .04  inch 
south  of  axis. 

5  000 

.06 

.03 

6  0U0 

.06  I     .. 

.03 

7  000 

.00      ■.. 

, , 

.03 

8  000 

.065 

.04 

9  000 

•  •  >  • 

.07        .. 

.04 

10  000 

•  •  •  • 

.07        .. 

.04 

11000 

.08 

.04 

12  000 

.08 

. . 

.04 

13  000 

.... 

.09 

.04 

14  000 

.09 

.04 

15  000 

.09 

.04 

16  000 

.10 

, , 

.05 

17  000 

.11        .. 

, . 

.05 

18  000 

.13 

.06 

19  000 

18810 

.14 

Failed. 

9  900 

.79 

Scale  not  disturbed. 

200 

.05 

!62 

500 



•• 

Specimen  placed  .06  inch 
south  of  axis. 

200 

.05 

.02 

• 

1000 

.... 

.05 

.03 

6  000 

.... 

.05 

.03 

6  000 

.... 

.05 

, , 

.03 

7  000 

. .  • . 

.05 

.03 

8  000 

.05 

.04 

9  000 

.05 

.04 

10  000 

.... 

.05 

.. 

.04 

11  (100 

.... 

.05 

, , 

.04 

12  000 

.... 

.05 

. , 

.04 

13  000 

.05 

.04 

14  000 

.... 

.05 

.04 

15  000 



.05 

.04 

16  000 

.05 

.05 

1 
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[Mark  W  ^' continued.) 


Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs  per 

Bemarks. 

Specimen. 

sq.  in 

X. 

S. 

E. 

W. 

In. 

In 

Mark.  W  9- 

17  000 

.... 

.05 

.05 

18  000 

.05 

05 

Length.  51.96  iu. 

19  000 

20  000 



.0.5 
.04 

06 
06 

Size, 

20  800 

20  600 

Failed. 

1.008x1.002  iu. 

9  800 

200 

5  000 

10  000 

11  000 

12  000 

la  000 

14  Olio 

9  700 

200 

ia870 

.72 
.04 
.04 
.03 
.03 
.02 
.01 

^41 
.04 

'■ 

■ 

02 
03 
04 
04 
04 
04 

.02 

Failed. 

Specimen  removed. 

Ordinate  south  at  middle..  =  .04  inch. 

"        east          "             ..  =  .02     " 
Chord  shortening =     0     " 


Scale  undisturbed. 
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Description 

Load.   1 
Lbs. 

1 
Load. 

1 
Deviations. 

of 

Lbs.  per 
Bq.  in. 

IJeraarks. 

Specimen. 

t 

N. 

S. 

E. 

w.  : 

In. 

In. 

In. 

Mark,  W  9: 

00  ' 
i)00 

00 

00 

09 

•• 

.02 
.02 

•  • 

Length,  51.97  in. 

5  01)0 

10  000 

.01 
.05 

•• 

.02 
.02 

•  • 

Size. 

11  000 

■  .    •   ■ 

.OG 

.02 

1.005  X  1.002  in. 

12  0(10  ; 
12  r>uo  ! 

12  420 

.07 

.02 

•  • 

Fai'xed. 

9  9U0 

9  830 

!42 

]62 

. , 

500 

<   •  •  • 

.01 

^ , 

.02 

200 

<  t  •  > 

00 

.02 

5  000 

.03 

.02 

By  pressure  on  rockers  in 
direction  to  correct  devia- 
tion while  load  rises  to 
5  OOU. 

10  000 

•  ■  •  • 

.02 

.02 

11000 

.... 

.02 

.02 

12  000 

.. 

.02 

.01 

.. 

13  000 

.... 

.02 

.02 

.. 

UOOO 

>  >  •  • 

.02 

.01 

15  000 

.  *  .   • 

.02 

.01 

16  HOC 

.... 

.02 

.01 

17  000 

■  .  •  • 

.. 

.02 

.01 

, , 

18  000 

>  .  ■  ■ 

.02 

.01 

, , 

19  000 

.... 

.02 

.01 

20  OHO 

.... 

.02 

.01 

21  noo 

.... 

., 

.02 

.01 

,; 

22  000 

.... 

.02 

.01 

,  , 

23  000 

.... 

.02 

.01 

,  , 

24  OOU 

.... 

.03 

.01 

,. 

25  000 

.03 

.01 

2GO0O 

.... 

.03 

.01 

27  000 

.... 

.03 

.01 

28  0(10 

•  •  •  • 

.04 

.01 

,  , 

29  000 

*   ■  •  • 

05 

.01 

30  000 

29  810 

.08 

Failed.  Extent  of  motion. 
Scale  slightly  disturbed  in 
middle  14  in.  north  side. 

10  900 

10  830 

,  , 

10  800 

.... 

1.06 

,  . 

,  , 

200 

■ 

.09 

.02 

Applying  pressure  on  rock- 
ers here  produces  no 
change;  piece  springs 
back. 

1  000 

.... 

.10 

.01 

2  000 

.... 

.10 

.01 

3  000 

.... 

.11 

•01 

^  , 

4  000 

.12 

.01 

5  0U0 

, , 

.13 

.01 

f.  000 

.... 

.14 

.01 

7  000 

•  •  •  • 

.15 

.01 

8  000 

.... 

.16 

.01 

,  , 

9  000 

.... 

.21 

,  . 

Going.                          • 

9  000 

.... 

. , 

.23 

9  800 

9  730 

. , 

.39 

Going  rapidly.    Failed. 

9  300 

.... 

.47 

-V    .,-b 

9  130 

.... 

, , 

.47 

9  500 

, . 

.60 

,  , 

9  400 



.79 

200 

.09 

;62 

Specimen  removed. 

Ordinate  north  at  middle =  .10  inch. 

west       "  =  .03      •• 

Chord  shortening =    GO      " 

Shortening  on  nort  hside  in  middle  6  inches..  =  .01      " 
"  "  "  12        "  =  .01      " 
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( 


Description 

Load. 

Load. 
Lbs.  per 

Deviations. 

Remarks. 

of 

Lbs. 

Specimen 

sq.  in. 

N. 

s. 

In. 

E. 
In. 

w. 

In. 

Mark,  W  6- 

00 
500 

00 

•• 

.09 
.09 

.03 
.03 

Length,  55.93  in. 

5  000 

6  000 



•• 

.12 
.14 

.01 
.01 

•• 

Size, 

7  000 

. .  •  • 

,  , 

.16 

.01 

,  , 

1.000  X  1.000  in. 

8  000 
8  000 

•■ 

.31 

.38 

Going. 

Ordinate  west 

8  000 

.... 

.38 

Later. 

at  20in.  =  .04  in.   * 

8  400 
8  000 
8  300 
8  100 
500 

8  400 
8  000 

.54 
.56 

!72 
.11 

:; 

Failed. 

500 

.... 

•• 

.08 

;6i 

■  • 

Specimen  placed  .09  inch 
north  of  axis. 

5  000 

.... 

.07 

.01 

6  000 

., 

.07 

.01 

,  , 

7  000 

.06 

.01 

,  , 

8  (100 

. . 

.03 

.01 

,  , 

8  800 

8  800 

Failed. 

8  200 

.... 

!21 

500 

.08 

.02 

500 

.... 

•• 

.08 

.01 

•  • 

Specimen  placed  .06  inch 
north  of  axis. 

5  000 

•  ■  •  • 

.08 

.01 

6  000 

.08 

.01 

,  , 

7O0O 

•   .  •  . 

.08 

.01 

,  , 

8  COO 

•  •  ■  • 

.08 

.01 

,  , 

9  000 

t   t  ■  • 

.09 

.01 

10  000 

.... 

.10 

.01 

11  000 

.... 

.10 

.01 

12  000 

.... 

.11 

.01 

13  000 

.... 

.11 

.01 

,  , 

f 

14  000 

.12 

.01 

15  000 

•  •  .   • 

.13 

.01 

16  000 

•  .  .  • 

.14 

.01 

17OU0 

.   •   .   • 

. , 

.15 

.01 

,  , 

18  000 

.... 

.16 

.01 

18  900 

is'ooo 

. 

Failed. 

8  700 

8  700 

!94 

Rocker  free. 

8  500 

.... 

.93 

500 

.09 

.01 

500 

.... 

.09 

.01 

■• 

Specimen  placed  .07  inch 
north  of  axis. 

5  000 

.09 

.01 

10  000 

.... 

.10 

.01 

• 

11000 



.11 

.01 

12  000 

.... 

.11 

.01 

13  000 

.11 

.01 

14  000 

.... 

,  ^ 

.12 

.01 

,  , 

15  000 

.... 

, , 

.13 

.01 

.  . 

16  000 

.... 

, . 

.13 

.01 

,  , 

17  000 

.... 

.15 

.01 

18  000 

.16 

.01 

19  000 

.... 

, , 

.18 

.01 

20  000 

20  000 

.22 

,  , 

.  . 

Failed  suddenly.Bocker  free  . 

8  800 

8  800 

.99 

.  . 

.  , 

7  700 

.... 

.79 

^  ^ 

4» 

t 

7  200 
6  800 
6  400 
5  900 
5  000 
4  000 
3  000 
2  000 
1000 

.... 

.59 
.39 
.29 
.24 
.18 
.15 
.14 
.11 
.10 

•• 

500 



.09 

.01 

Specimen  removed. 

After  Removing  Specimen. 

Ordinate  north  at  middle  =  .09  inch, 
west  ••       =  .02     " 

Chord  shortening =    00'   " 

Scale  nowhere  disturbed. 
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Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs.  per 

. 

Remarks. 

Specimen. 

sq.  in. 

N. 

8.          ] 

E. 

w. 

In. 

In.        I 

n. 

Mark,  W  i. 

00 

00 

.06 

01 

500 

.06 

03 

Length,  60.01  in. 

1001) 
5  000 

.... 

.0(5 
.08 

03 
01 

Size, 

8  000 

8060 

Failed. 

1.000  X  1.000. 

5  000 
500 

5  000 

6  000 

7  000 

8  000 
7  200 

500 

5  000 
.... 

8  000 
7  200 

:6g 

.10 
.10 
.13 

Al 

.17 

62 
02 

• 
03 

Failed. 

500 



.05 

Applying  pressure  to  rocker 
to  bend  bar  and  then  re- 
nioviug  pressure. 

500 



■• 

.05 

03 

•• 

Specimen  placed  .06  inch 
north  of  axis. 

5  000 

.04 

02 

6  000 

.... 

.04 

01 

7  000 

.... 

.03 

01 

8  000 

.... 

.03 

01 

9  0(10 

.... 

.02 

02 

10  000 

10  000 

Failed. 

7  300 

7  300 

.'47 

61 

500 

'.bi 

03 

500 

.... 

.05 

Applying  pressure  to  rocker 
to  bend  bar  and  then  re- 
moving pressure. 

500 

.... 

•• 

.05 

.04 

•• 

Specimen  placed  .04  inch 
north  of  axis. 

5  000 

.05 

.02 

6(100 

.... 

.05 

.02 

7  00!) 

.... 

.or. 

.02 

8  000 

.05 

.02 

9  000 



.05 

.02 

10  000 

■05 

.02 

11000 

.06 

02 

12  000 

.... 

.06 

.02 

13  000 



.07 

02 

UOOO 

.... 

.07 

.02 

15  000 

.... 

.08 

.02 

16  000 



.10 

.02 

17  000 



.11 

.02 

17  900 

17  900 

•• 

Failed  suddenly.  Rocker 
free. 

7  300 

7  300 

.97 

500 

.... 

.07 

'.bi 

500 

.(15 

Applying  pressure  to  rocker 
to  beucl  bar  and  then  re- 
moving pressure. 

Specimen  removed. 

Ordinate  north  at  middle  =  .06  inch. 
"        west  "         =  .03     " 


Scale  not  disturbed. 
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CAMBRIA   IRON   COMPANY— TESTING   LABORATORY. 

Johnstown,  Pa.,  May,  1887. 

Detail    Repokts   of   Compeession   Tests    of    1-Inch   Squake    Ikon, 

Series  K,  with  Hinged-ends. 

Iro7i  made  bi/   Union  Iron  Mills,  Pittsburg,  Pa. 

Explanations. 

All  tested  as  from  rolls;  not  cold  straightened. 

Ends  of  bars  were  plane  and  rested  on  hinged  rocker-bearings  with 
hibricated  pins,  the  bearing  surface  of  which  is  in  plane  of  axis  of  the 
pins. 

Deviations  were  taken  at  middle  of  bar,  and  are  referred  to  the 
straight  line  passing  through  center  of  ends  of  bar.  Deviations  given 
for  load  00  were  measured  before  putting  bar  into  testing  machine  by 
applying  a  straight-edge.  Deviations  under  load  w^ere  obtained  by 
measuring  with  a  steel  scale  the  ordinates  from  fine  fish  cords,  stretched 
l>arallel  to  bar  by  means  of  a  clamp  at  bottom,  to  which  one  end  of  cord 
was  fastened,  and  a  similar  clamp  at  top  carrying  grooved  pulleys  over 
which  the  cords  passed,  with  weights  attached  to  overhanging  ends. 
Deviations  under  no  load  and  under  initial  load  of  200  or  500  pound 
are  assumed  to  be  equal. 

The  tests  were  made  on  a  vertical  300  000-pound  Emery  Testing 
Machine. 

Axis  of  pins  was  in  all  cases  east  and  west. 

All  bars,  except  a  few  of  the  longest  ones,  were  scribed  every  inch  on 
all  four  sides,  and  the  inches  are  referred  to  by  number  beginning  at 
bottom. 

Marked  end  of  bar  was  down  in  all  cases. 


92         MA-KSHALL   ON   COMP.   STRENGTH    OF   STEEL   AND    IRON. 


a 

o 


o 


m 


03 


5"" 


.2     g 

OO  o. 


CO 

•a 

(V 

s» 

§  I 

o  <u 

_o «_ 

CWr-(i-ti-lfH«H*Hf-t.-lT-l      •f-l      •      •CJCl^t-OOCSOClC^CJCOCO 
MOOOOOOOOOO     -O     •     •OOOOOrHCNOTeOmcOTOCT 

.^rt^.-li-lrHiHrHr-l.-HrHr-<-4,-l.-l^^mCO«e5C^J3<g21^^ 
SOOOOOOOwOOOOOOCOOOOOOOOwOOO 
HH 

o  o  o 

o CO 

CO  o Ill; 

!    *    I    *    !    !    I    I  -*  oi    '    !    !    '    I    !    !    !    I 

m'y! 


00000000000000000=5000000000 
000=5000000000000000   =0000000 

c^oooooo^oocoooocoo-*oociooooo 

lOOU50i0^t'GOOO^'M:C'*-H01^^0         lOOICOW 
rH  rH  (M  CT  IM  <N  d  CI  «  CO  M  CO  «  CO  CO  «  CO  «  iH  i-(  C^  <M 


M 


to 
a 


-o 
a     ■ 


CO 

Sg 

o 

O 

CO 

2§ 

T1  i-<  ■* 
.-1  C  i-H 

c 

-^  rH  CO 
i-f  O  rH 

O 

sss 


•d  "O 

2  a 

f  -S  .5 


S    o    o 
«>    00    S 


IS 

o 

!B 

1^ 
o 

SE 

M 
Z 

H 

« 
O 
PC 
05 


O  «<!    o 
r-l  O  iS  O 


in      Lo 

O  (MIO  O 

o      c 


■d 

h 

o 


2  0-^0 


a 


t3 


W 


o 


bo 

a 
o 


09 


o 


a 
o 

o 

Sa 

602 

.9  § 

o  <o 
p  a 


a  o 


o 

M 

El 

■<! 


H 


rjOOOOCOOOOOO      •  •      •      -O 

^OOOOOOOOOOO*    ...O  

_  — 

.oooooooooo-^o  s^-•-'COli^ccooccooo««^oooffO 

gOSOOOOOOOOOO  oO  —  r-l.-^r-lrH^rtrir-ci-H^T-.<Ne^ 

M  9  ■  '^  


o     •     • 

•o 

r^    ',     . 

.  a 

-C 

93 

,2 

^ 

hJ 

d 

o 

a 

a^a 

c 

00 

=  •5 

O 

00 

OOOOOOOQOOOO 

oooooooooooo 


oooooooooosooooo 

OO-^OOOOOOOfT-OCOOO 

m-*ocioooooooooo»co 


iH  C^  CO  CO  CO  CO  CQ  00  CO    CO  CO  OO      »-l  1-H  C^  C4  C<  GS  <M  CI  CO  «  C^ 


a 

00 

a 

3-3 

fl  o 

o 

u  t) 

0)   o 

w 

•a  » 

(•  a> 

\4 

ajO 

toxj 

M 

bo 

lO 

ja  -^ 

io 

f-i 

n 

o 

to-S 

*  ? 

1 

<-H 

m 

,^o 


<§22 


lO  _,  LO  " 

o  o     »-^        a 

»"'  C5  ""^  o  •'^ 


a; 


•«-3 
(3  b 


.s  ^ 

II 

C    IB 


>ooo 


c.g»o  M 

=:  S 

t-  o  o 

CO  K 

lo  gie  o  Z 


c^  ■*  o 
^  o_ 

in 

CO  O 


^O^O 


in 

M 

ja 

ja 

Ih 

a 

o 

o 

^ 

w 

rt  => 


MAKSHALL   ON    COMP.   STRENGTH   OF    STEEL   AND    IRON. 


93 


bo 

a 

'o 


o 

a 


a 
o 
O 


o 

M 

H 

< 

> 


ooocoooo 


•  o  o  o  o  o  o 


a 


.a 

a 


o   o 


OOr-lrHi-l^rHi-(i-(i-(,HrHrHr-llMmoOlOOOO<M'ft!Ot-00  = 
gOO^OOOOOCOOOOOOOOCCCNCOOTmCOWCO-^ 


Pi 


-•■^a 


s  -M  a 

^  00       3^ 

ii  ©    t. 

-  o 

s>  .a 


o 

-* 

c» 

2^ 

lO 

«  o 

T-( 

r 

"o 

1 

IM  O 

a 

rHO 

n 

7-1  •— 

1 

y. 

^H    _ 

1 

HH 

lO 

ClI 

Oh 

■  1 

o  2.1 

oS? 

z 

rH  O 

i~t 

n  ^ 

1 

0 

o     . 

aj 

X  o 

3o 

OcSoOOOO 0  00  0  00=0^00000=0=0 

(M  =  ooooc:cooooooo«r:oi:-iooooooo 


OO*0O»^C0t-0COO^HC-»C^-#^HO 


lo  o  t::  :;:  t-  X  o 


c 

5 


=  =  -; 


a 

.a 

60 

^   CD 

riptio 
of 
ciinen 

T-< 

§ 

o 

o 

£ 

-♦J 
00 

Si 

tc    OQ 

Desc 
Spe 

til 

.a 
"En 

N  1-1 

a 

CO 

o 

h 

s 

o 

o 

J 

.-. 

W 

5^ 

-a 

"O 

w 

Mi 

n 

^ 

u 

o 

o 

:2; 

cc 

« 


b 


> 
o 

a 


>5 

O 

H 
< 

> 

o 


H 


lOOOOOOOOOOOOOOOOOOOOOwOOT-HWrHt-liHi-Hr-ti-H 


$2; 


I 

Oi  rH 

I 

00  i-l 

I 
°o 


-c  a,  a 


CO 


OOOOOO-OOOOOOOOOOOOOOOOOOOOOOOOOO 

ooooo^ooocrooooooooooooooooooocooo 

OOOOOOCOOOOOOO»^00000«50000C^100000 


riL'^OlOOtr^^t-XnO^HC'ICOCCCO'^'iCOClOCX't-OlC 
i-(i-fC«C^C^C^<MC^CCCCODCOa3«CCCOCCC^(MC^C»C^C» 


CT  LO  o  in  o 

tH  »-(  CI 


="     a 

■S  O  o 

O  tt> 

00  04 

S      OQ 


o> 

o 

.o 

oo 

w 

.a" 

CQ  >< 

.!=( 

BD 

M 

oe 

a 

0} 

o 
o 

inch. 

-*  1-1 

tH  o        ,~ 

■2§ 

•«*<  rH  ^ 

» 

Sg      1 

II  II  II 

Sgsi 

iw  : 

Si 

■     1 

fQ  fd    • 

fu 

°S8 

Is ; 

0 

z 

*.a  a 

oo,       1 

i-l  O         lO 

e  east 

nort 

horte 

o 

•=^■8 

og        1 

■^-1            OQ 

a-  "g 

•  X 

oo35o 

-3     2 

■   Til 

u     si 

O      U 

<M  O 

00 

1  ^ 

iJ  r^ 


94 


MARSHALL   ON    COMP.   STRENGTH   OF   STEEL   AND   IRON. 


Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs.  per 
sq.  in. 

Remarks. 

Specimen. 

N. 

S. 

E. 

^y. 

In. 

III. 

Mark,  K  1- 

00 
200 

.025 
.025 

(10 
00 

Length,  22.00  in. 

5  000 



.025 

.01 

10  (100 



.025 

01 

Size, 

15  000 

.015 

01 

1.003  X  1.000  in. 

20  000 
25  000 

.015 
.015 

01 
01 

Ordinate  south. 

26  000 

.016 

01 

=  .025. 

27  000 

28  000 



.025 
.025 

•• 

01 
01 

East  and  west 

29  000 

•  •  •  • 

.025 

straight. 

30  000 
31000 

32  000 

33  000 



.025 

■• 

01 

34  000 

33  910 

.035 

01 

Going. 

20  000 

19  940 

.355 

19  000 

. .  ■  • 

.415 

18  000 

.475 

200 

.365 

00 

5  000 

.395 

00 

10  000 

.425 

00 

15  000 



.475 

.01 

Removed  specimen. 

Ordinate  south  at  middle,  —  .38  inch. 


South  Side 
North  Side. 


west 
Chord  shortening. . 

Shortening 
1  to  7    8        9     10 
00      .01     .01    .01 
1  to  10       11        12 
0      —.005  —.005 


.02 

=  .04 

Per  Inch. 

11        12 

.015     .015 

13  to  20 

0 


13 
015 
21 
.01 


14 
.01 
22 
.02 


15  to  22 
0 


Description 

Load. 
Lbs, 

Load. 

Deviations. 

of 

Lbs.  per 
sq  in. 

Remarks. 

Specimen. 

. 

N. 

S. 

E. 

W. 

In. 

In. 

Mark,  K  11- 

00 
200 

00 

.04 
.04 

.02 
.02 

Length,  24.00  in. 

5  000 
10  000 



.01 
.01 

.02 
.02 

Size, 

1.5  000 

.0.1 

.02 

1.006  X  1.003  in. 

20  000  ■ 
25  0U0 



• 

.05 
.0.) 

.02 
.02 

Ordinates 

26  000 



.05 

East     =  .02 

27  000 

.... 

.06 

North  =  .04 

28  000 

29  (100 

30  000 

31  000 
31  500 
17  000 
16  000 
16  000 

200 

5  000 

10  000 

31230 
16  850 

.(j6 
.(■6 
.06 
.07 
.09 
.40 
.J5 
.55 
.42 
.46 
.52 

!u2 

!()() 
.(6 
.06 
.06 

Gone. 

Limit  of  rocking  motion. 
Removed  specimen. 

North  Side. 
South  Side. 


Ordinate  north  at  middle,  =  .48  inch. 

east            "            r=  .05      " 

Chord  shortening, 04      " 

Shortekinc;  Per  Inch. 

to  8      9      10      11       12       13       14      15 

16 

17 

18  to  24 

0        .01     .01     .01     .01     .01     .01     .01 

.01 

.005 

0 

1         2  to  23         24 

.02          0              .02 
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Description 
ot 

Load. 
Lbs. 

Load. 

Lbs.  per 

sq.  in. 

Deviations. 

Remarks. 

Specimen. 

N. 

S. 

E. 

W. 

In. 

In. 

Mark,  K  2- 

00 

00 

.02 

.02 

Orclinates. 

200 

•  .  •  . 

.02 

.02 

East,     =  .02  in. 

5  000 

.02 

.02 

North,  =  .02  in. 

10  000 
15  000 
'JO  000 

.... 

.02 
.02 
.02 

.02 
.02 

.02 

Length,  26.02  in. 

25  000 

26  000 



.03 
.03 

.02 

Size. 

27  000 

•  •  •  ■ 

.03 

1.008  X  1.000  in. 

28  000 

29  000 

30  000 
31000 
32  000 

.... 

.03 
.03 
.03 
.03 
.03 

.02 

33  000 

.04 

.02 

Scaling. 

33  900 

33  750 

.05 

FaiJs. 

14  700 

14  590 

.56 

200 

.38 

.05 

5  000 

.44 

.05 

8  000 

.48 

10  000 

.51 

11000 

.52 

12  000 

.54 

13  000 

.... 

.56 

Probably  at  limit  of  rocking 
motion. 

14  000 

.58 

15  000 

.62 

Scales  rapidly. 
Piece  removed. 

North  Side.  I 
South  Side.   | 


Ordinate  north  at  middle,  =  .52  inch, 
east  ••  =  .06      " 

Chord  shortening, =  .  04      " 

Shortening  Per  Inch. 
to  9        10        11        12        13        14        15 
0  .01       .01     .015     .015     .015     .015 

toll         12         13         14         15  to  26 
0       —^. 005  —.005— .005  0 


16 
.01 


17  to  26 
0 


Description 

of 

Specimen. 


Mark,  K  3- 

Length,  28.01  in. 

Size, 
1.000x1.000  in. 


Load. 
Lbs. 


00 

200 

5  000 

10  000 

15  000 

20  000 

25  000 

26  000 

27  000 

28  000 

29  000 

30  000 
31000 
32  000 

14  000 

200 

5  000 

10  000 

11  000 

12  000 

13  000 


Load. 

Deviations. 

Lbs.  per 

1 

sq.  in. 

N. 

S. 

E. 

W. 

In. 

In. 

on 

.02 

.O.i 

200 

.02 
.02 
.02 
.03 

.05 
.04 
.05 
.05 

.03 
.03 

.05 
.04 



.03 
.03 
.03 
.03 
.03 
.03 

.04 
.05 
.05 
.05 
.07 
.07 

32  000 

.08 

.09 

14  000 

.61 
.41 
.46 
.55 
.58 

.25 
.23 
.23 
.23 
.23 

■  «  ■  ■ 

.61 

.23 

•  •  .  . 

.66 

.23 

Bemarks. 


Scaling.    Gone.     Bent  east 
first,  then  south. 


Extent  of  rocking  motion. 
Removed  specimen. 


Ordinate  north  at  middle =  .  50  inch, 

west     "        "       =  .27     " 

Chord  shortening =  .05     •• 

Maximum  shortening  at  center  west  side  =  .015  " 
Shortening  Per  Inch. 
North  Side  '  ^  *°  ^     ^"       ^^       ^^         ^^         '*         ^^        ^^       " 

Q^,  ^^.    c,vi„  (     1     2  to  11     12     13  to  27     28 
South  Side  I   .01        0  0  0         .01 


18    19  to  28 
.005  0 
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Description 

Lnad. 
Lbs. 

Loail. 

Deviations. 

of 

Lbs.  per 
sq.  in. 

Remarks. 

Specimen. 

N. 

S. 

E. 

W. 

In. 

In. 

Mark,  K  3: 

00 

00 

.06 

.04 

200 

.06 

.04 

Length,  28.02  in. 

5  000 
10  000 



.06 
.06 

.05 
.05 

Size, 

15  000 

.07 

.05 

1.000  X  l.OOi)  in. 

20  000 
23  000 

.08 
.08 

.05 

Twist,  .04  in.  left. 

24  000 

25  000 

26  000 
27O00 
28  000 
2i)  000 
30«00 
30  700 

13  900 
200 

5  000 

6  000 

7  000 

8  Olio 

9  000 

10  000 

11  000 

12  000 

13  000 
13  400 

* . .  > 



30  700 
13  900 

.08 
.OH 
.08 
.08 
.08 
.09 
.095 

.63 
.42 
.46 

.48 
.49 
..52 
.53 
..55 
..■JH 
.60 
.62 
.66 

!66 
.06 
.06 
.06 
.06 
.07 

.13 
.10 
.11 
.11 
.11 
.12 
.12 
.12 
.12 
.13 
.13 
.13 

Scaled  on  east  side  first. 
Fails. 

Extent  of  rockins;  motion. 

Removed  specimen. 

Ordinate  south  at  middle  =  .49  inch. 

east            "  =  .10    " 

Chord  shortening =  .03    " 

Shortening  Per  Inch. 


1  to  10 
0 


South  Side  { 

North  Side  |  ^  *„  ^^  — 


11       12        13        14       15 
005     .01     .015     .015     .01 
13  14  15  16 

.005  —.005  —.0(5  —.005 


16 
.01 


17 
.01 


18 
.005 


19  to  28 
0 


Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs  per 
sq.  in. 

Eemarks. 

Specimen. 

N. 

S. 

E. 

W. 

In. 

In. 

Mark,  K  5- 

00 
200 

00 

.06 
.06 

00 
.00 

Length,  80.04  in. 

5  000 
10  000 

... 

.07 
.07 

00 
00 

Size, 

15  000 

.08 

00 

1.010x1.015  in. 

20  000 

'in  000 

.10 

00 
(0 

.06  in.  twist  left. 

26  000 

27  000 

28  000 

29  000 



.10 
.10 
.10 

.11 

00 

30  000 

29  270 

.12 

Fails. 

13  000 

12  780 

.65 

.02 

200 

.... 

.44 

.03 

5  000 

.49 

6  000 

.... 

.52 

7  000 

a   .  .  . 

.54 

8  000 

.... 

.56 

9  000 

.59 

10  000 

.62 

11000 

.... 

.66 

12  000 

11710 

.76 

Maximum  and  extent  of 

rocking  motion. 
Specimen  removed. 

Ordinate  north  at  middle  =:  .^%  inch. 

east             "  ^  .03     " 

Chord  shortening =  .05     " 


North  Side  { 
South   Side  I 


Shortening  Per  Inch. 
1  to  13      14       15       16       17- 

0  .01      .01     .01      .01 

1  to  12        13  14  15 

0        —.005  —.005  —.005  - 


18 

19  to  30 

.01 

0 

16 

17       18  to  30 

005 

—  .005          0 
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Description 

of 
Specimen. 


Mark,  K  4- 

Length,  33.95  in. 

No  twist. 

Size. 
1.005  X  .997  in. 


Load. 
Lbs. 

Load. 
Lbs.  per 

Deviations. 

sq.  in. 

N. 

S. 

E. 

w. 

00 

00 

00 

.04 

200 

.... 

Oi 

.04 

5  000 

00 

.03 

10  000 

00 

.03   i 

15  01)0 

.01 

.03 

20  000 

.... 

.01 

.04 

25  000 

.... 

.02 

.114 

2(i  001) 

.02 

.04 

27  000 

.... 

.02 

.04 

28  GOO 



.02 

.04 

29  000 

...  * 

.02 

.04 

30  000 

■  •  • . 

.03 

.05 

310U0 



.04 

.07 

31  COO 

30  940 

10  000 

9  980 

.76 

200 

.... 

.44 

.(9 

5  000 

.54 

.09 

6  0110 

.... 

.58 

7  000 

.... 

.61 

8  000 

• .  •  • 

.65 

.   . 

9  000 

.70 

9  800 

9  780 

.76 

Remarlis. 


Gone. 


Extent  of  rocking  motion. 
Keinoved  specimen. 


Ordinate  nortli  at  middle  =  .44  inch. 

eai^t            •'  =  .07     •• 

Chord  .shortening =  .02     " 

Shortening  Pek  Inch. 


North  Sidcjl'"/'^ 
South  Side 


14 
tj05 

I  1  to  15 

\      0 


15        16         17        18  19         20        21         22  to  34 

.005      .01        .01        .01  .01        .005      .005             0 

10           17             18  19          20  to  31 

—.005     —.005     —.005  —.005          00 


Description 

Load. 

Deviations. 

of 

Lbs. 

Lbs.  iser 
sq.  in. 

Roniarlis. 

Specimen. 

N. 

S. 

E. 

W. 

I'l. 

In. 

Jlark,  K  4: 

00 
200 

00 

.05 
.05 

.04 
.04 

Length,  33.96  in. 

5  01)0 
10  000 

.06 

.03 
.03 

Size, 

15  (100 

.1)7 

.03 

1.005  X  .997  in. 

20  000 

21  000 

.08 
.09 

.03 
.03 

Twist,  .03  in. 

22  000 

23  OHO 

24  000 

25  000 

.09 
.09 
.10 
.11 

.03 
.03 
.03 
.03 

26  000 

26  ()(J0 

.13 

.03 

Going  slowly. 

12  200 

12  200 

.57 

Went    very    slowly, 
slightly  dis(nrbed  at 
die  of  north  side. 

Scale 
mid- 

a 

200 

1  000 

2  000 

3  000 

4  000 

5  000 

6  000 

7  000 

8  000 

9  000 
10  0!)0 
11000 
12  000 
12  500 
10  900 

200 

.... 

.29 
.30 
.31 
.32 
.33 
.34 
.36 
.39 
.41 
.43 
.48 
.52 
.."■.7 
.63 
.73 
.41 

.02 
.02 

Specimen  removed. 

Ordinate  north  at  middle =  .40  inch. 

'        east  and  west  at  middle  =00     ■' 

Chord  shortening =  .03     " 

The  middle  8  inches  on  north  side  shortened  altogether  .03  inch. 
"         8         "         south    "    lengthened        "         .02    " 
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Description 

Load. 
Lbs. 

Load. 
Lbs.  per 

Deviations'. 

Remarks. 

of 

Specimen. 

sq.  lu. 

N. 

S. 

E. 

w. 

In. 

In. 

In. 

Mark,  K  4- 

00 

00 

.06 

.  , 

.03 

200 

.06 

.03 

Length,  36  04  in. 

5  000 
10  01 -0 

.07 
.08 

.01 
00 

Left  band  twist 

1.5  000 

.10 

01 

=  .03  iu. 

16  000 

17  000 

.11 
.11 

01 
01 

Size, 

18  000 

.12 

01 

1.010  X  .99.5  in. 

19  000 

20  000 

21  000 

14  000 
200 

5  000 

6  00i» 

7  000 

8  000 

9  000 

20960 
13  930 

.12 
.13 

..53 
.20 
.25 
.26 
.26 
.29 
.32 

01 
01 

61 

01 
.01 
.01 
.01 

!6i 

Gone.    Scales  slightly  on 
north  side. 

10  000 

.33 

00 

11000 

.38 

00 

12  000 

.43 

00 

12  980 

12  920 

.56 

00 

Removed  specimen. 

Ordinate  north  at  middle  =  .29  inch. 

east          "  =    00     " 

Chord  shortening =  .01     '■ 

Shortening  Per  Inch. 

16  17  18  19  20 

.01         .01         .01         .01         .61 
South  Side  uncertain. 


North  Side 


21 
.01 


Description 

Load. 
Lbs. 

Load. 
Lbs.  per 

Deviations. 

Remarks. 

ot 

Specimen. 

sq.  in. 

N. 

S. 

E. 

W. 

In. 

In. 

Mark,  K  4: 

00 
200 

00 

.03 
.03 

.04 
.04 

Length,  36.04  in. 

5  001) 
JOOOO 

.... 

.04 
.05 

.04 
.04 

Size, 

15  000 

.05 

.04 

1.010  X  .995  in. 

20  000 

13  COD 

11  200 

200 

1000 

2  000 

3  000 

4  000 

5  000 

6  000 

7  000 

8  000 

9  000 

10  000 
11000 

11  31)0 
10  300 

19  9110 
12  931) 
11  140 

.... 

ll'240 

!64 
.30 
.30 
,32 
.33 
.35 
.37 
.40 
.44 
.47 
.52 
..57 
.66 

!83 

[ 

!63 
.03 

Gone.    Went  rather  slowly. 
Gone. 

10  200 

.... 

.88 

.. 

1 

200 

.... 

.51 

Removed  specimen. 

South  Side 


/   1  to  15 


Ordinate  south  at  middle  =  .52  inch. 

east            "  =  .04     " 

Chord  shortening =  .02     " 

Shortening  Per  Inch. 

16  17  18  19  20 

.0u66       .0066       .0066       .00C6       .0066 


21 

.0066 


22  to  36 

0 
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Description 
of 

Load. 
Lbs. 

Load. 
Lbs.  per 
sq.  in. 

Deviations. 

Eemarks. 

Specimen. 

N. 

S. 

E. 

W. 

In. 

In. 

Mark,  K  14- 

00 

00 

00 

.03 

200 

•  •  •  • 

00 

03 

Length,  40.00  iu. 

5  000 
10  OliO 



(.0 
.01 

02 
02 

Sizo, 

15  000 

.03 

03 

1.006  X  1.000  in. 

16  000 

17  000 

18  000 

19  000 
U  500 

200 

1  000 

2  000 

3  000 

4  000 

5  000 

6  000 

7  000 

8  000 

9  000 

10  000 

11  000 
11  700 
10  600 

18890 
11  430 

>  *  •  • 

11 '630 

.03 

.o^ 

.05 
.07 
.49 
.11 
.13 
.13 
.14 
.14 
.16 
.17 
.19 
.21 
.25 
.30 
.37 
.56 
.59 

• 

03 
03 
03 

01 

Went  rather  suddenly. 

200 



.17 

00 

Removtrd  specimen. 

Ordinate  south,  at  middle  =  .22  inch. 


South  Side 


(  1  to 
i       0 


east             "            =  .03    " 
Chord  shortening —  .01     " 

22 
.0017 

2:i 
.0017 

Shortening  Pee  Inch. 

)17            18            19        20            21 
)               .0017      .0017    .0017     .0017 

24  to  40 
0 

Description 
of 

Load. 

Load. 

Lbs.  per 

Deviatic 

NS. 

Remarks. 

Lbs. 

Specimen. 

sq.  in. 

N. 

S.         I 

z.   1    w. 

In.        1 

u. 

Mark,  K  5- 

00 
200 

00 

GO 
00 

00 
(0 

Length,  40.01  in. 

5  000 
10  000 

(0 
00 

00 

00 

• 

Size. 

15  000 

.01 

01 

1.005  X  1.000  in. 

20  000 

21  000 

.01 
.01 

CI 
01 

Right  hand  twist  = 

22  000 

.01 

OlJ 

.10  in. 

23  000 

24  000 

25  000 

26  OllO 

27  000 

28  000 

29  000 

30  000 

!62 

.01 
00 
00 
CO 
00 
00 
00 

(11 

01 

01 

01 

01 

01 

01. 

01 

31000 

30  600 

.04 

Went  suddenly. 

9  000 

8  950 

.S-8 

200 

.43 

02 

1000 

.43 

2  000 

.46 

3  000 

.50 

4  000 

.U 

5  000 

..'9 

6  000 

.65 

7  000 

.74 

8  000 

.83 

9  000 

.89 

Extent  of  rocking  motion. 

200 

.44 

Removed  ex'ecimen. 

South  Side 


Ordinate  south  at  piiddle  =  .46  inch. 

"         west            "         =  .05      " 
Chord  shortening =  .01      " 

Shortening  Pee  Inch. 
to  18        19        20        21       .  22 
.005     .005     .005     .005 


(   1  to 
I       0 


23  to  40 
0 
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Description 

of 
Specimen. 


Mark,  K  6- 

Length,  42  01  in. 

Size, 
.997  X  1.005  in. 


Load. 
Lbs. 


00 

500' 

5  000 

10  000 

15  000 

16  000 

17  .000 

18  000 
12  700 

500 
5  000 

10  000 

11  000 

12  000 

13  000 
12  700 

600 


Load.    ' 

Lbs.  perl 

sq. in. 


Deviatioss. 


N. 


00 


18  000 
J  2  700 


13  000 


In. 

00 
00 
00 
.01 
.02 
.02 
.03 
.04 
.43 
.02 
.03 
.06 
.07 
.10 

'.ii 
.03 


W. 


Remarks. 


In. 
.04 
.04 
.04 
.04 
.05 
.05 
.03 


.04 
.01 
.04 
.04 
.05 


.04 


fione. 
Rockers  free. 


Going. 


Removed  sj)ecimen. 


Ordinate  south  at  middle  =  .03  inch, 
east  "  =  .03     " 

Chord  shortening :=  .01     " 

Shortening  per  inch  not  perceptible. 


4 

Description 

Load. 
Lbs. 

Load. 

Deviations. 

oi 

Lbs.  pel 
sq.  in. 

Remarks. 

Specimen. 

! 

N. 

S. 

E. 

W. 

In. 

In. 

Mark,  K  6: 

00 
500 

00 

.04 
.04 

.04 
.04 

Length,  42.01  in. 

5  000 
10  000 

.05 
.06 

•• 

.05 
.05 

Size, 

11  OJO 

.... 

.07 

.05 

1.007  X  1.000  in. 

12  000 

13  000 

14  000 
14  700 
13  000 

500 

li'eoo 

12  910 

.07 
.08 
.09 

.39 
.05 

.05 
.05 
.03 

!u4 

Went  very  slowly. 

5U0 

■  .  •  . 

.05 

•  .04 

Placed  .03  in.  south  of  axis. 

5  000 

.... 

.05 

.05 

10  000 

■  .  ■  • 

.06 

.05 

n  000 

.... 

.06 

.05 

12  000 

.... 

.06 

.05 

13  000 

■  >  .  . 

.07 

.0) 

14  000 

.... 

.07 

.05 

15  000 

.  •  •  • 

.07 

.03 

16  000 

•  •  •  • 

.07 

.05 

17  000 

•  ■  •  ■ 

.08 

.05 

18  000 

•  •  >  • 

.08 

.05 

19  000 

•  ■  ■  • 

.(i8 

.04 

20  000 

•  •  •  ■  . 

.09 

.04 

21  000 

• 

.10 

.04 

22  000 

21  8.50 

.11 

Gone  suddenly.  Rockerfree. 

10  800 

10  730 

.74 

,  , 

500 

...  * 

.22 

.05 

5  000 

•  •  •  • 

.27 

.05 

6  000 

.... 

.29 

7  000 

•  ■  ■  • 

.32 

8  000 

•  •  •  ■ 

.37- 

9  000 

•  •  ■  ■ 

.ii 

.04 

10  000 

-  •  ■  • 

.56 

,  , 

10  700 

10  630 

Fails. 

10  000 



.82 

Scale  drops  on  south  side. 

500 

.... 

.30 

.03 

Removed  specimen. 

Ordinate  south  at  middle  =  .29  inch, 
west  "  =.03    " 

Chord  shortening. t=  .01    '• 

Scale  disturbed  over  middle  10  inches  on  south  side. 

Mifldle  8  inches  on  south  side  shorteu  .015  inch. 

MiAdle  8  inches  on  north  side  apparently  lengthened  ,01  inch. 
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Description 
of 

Load. 
Lbs. 

Load. 
Lbs  per 
sq.  iu. 

Deviatiohs. 

Bemarks. 

Specimen. 

N. 

S. 

E. 

W. 

In. 

Mark,  K  7- 

00 

00 

.07 

00 

500 

.07 

00 

Length,  44  04  in. 

5  000 
10  (lOO 

.10 
.23 

00  ■ 
00 

Size, 

11  000 



.37 

Going  slowly. 

.995  X  1.002  in. 

11000 

11000 

9  400 

500 

600 

li'ooo 

.43 
.47 
.06 
.18 
.17 

66 

Fails. 

By  applying  pressure  in  di- 

rection to  diminish  devia- 

tion and  releasing  press- 

ure. 

5  000 

.... 

.25 

6  000 

.... 

.29 

7  000 

.... 

.44 

8  000 

. . .  • 

.51 

9  000 

.... 

.54 

9  600 

9  600 

.75 

Fails  slowly. 

9  000 

.... 

.77 

500 



.24 

00 

Specimen  removed. 

Ordinate  north,  at  middle =  .24  inch. 

west,  "         =.01     " 

Chord  shortening =  .01     " 

Shortening  in  middle  lour  inches  north  side.  =  .01    " 


Description 

Load. 
Lbs. 

Load. 

Deviations. 

ot 

Lbs.  per 
sq.  in. 

Bemarks. 

Specimen. 

N. 

S. 

E. 

W. 

In. 

In. 

Mark,  K  7: 

00 
500 

00 

.03 
.03 

.02 
.02 

* 

Length,  44.04  in. 

5  COO 
10  000 

.03 
.03 

.03 
.03 

Size, 

11000 

.03 

.03 

1.002  X    995  in. 

12  0(  0 

13  000 

•• 

.03 
.03 

.03 
.03 

Specimen  curved 

14  OUO 

.03 

.03 

east  and  west  like 

15  000 

.03 

.03 

letter  S. 

16  003 

17  OUO 

.03 
.03 

.03 
.03 

Ordinates 

18  000 

.03 

.03 

west  at 

19  000 

.04 

.03 

0 =  .06  in. 

20  000 

.04 

.03 

11.  ...  =  .00  " 

21  000 

.04 

.03 

i2 =  .02  ■• 

22  000 

.04 

.03 

33. ...  =  .03  " 

23  000 

.04 

.04 

t 

44. ...  =  .0     •• 

24  000 

25  000 

26  000 

27  000 

28  000 
8  000 

500 
1000 

2  000 

3  000 

4  000 

5  OUO 
6O0O 
7  000 

500 

2'8  66o 

.04 

.04 
.05 
.08 
.97 
.46 
.48 
.49 
.55 
.61 
.67 
.77 
.'JO 
.47 

.04 
.04 
.04 
.05 

■ 

Failed. 

Extent  of  rocking  motiom. 

Extent  of  motion. 
Eemoved  specimen. 

Afteb  Specimen  Kemoved: 

Ordinate  nrrth  at  middle = 

west  atO : 


11. 
22. 
33. 
44. 


Chord  shortening ■=: 

Shortening  iu  middle  six  inches,  noith  side  = 


.45 

nch 

.07 

0 

.03 

.04 

0 

.02 

015 

f ». 
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Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs.  per 
sq. in. 

Remarks. 

Specimen. 

N. 
In 

8. 

E. 

w. 

In. 

Mark,  K  8- 

00 

00 

00 

.01 

500 

00 

.01 

Length,  48.00  in. 

5  000 
10  OUO 



.  .01 
.02 

.01 
.01 

" 

Size. 

14  200 

14  i20 

Failed. 

1  000  X  l.OOC  in. 

10  700 

10  640 

.44 

,  , 

500 

.01 

.01 

500 

00 

.01 

Placed  .01  in.  south  of  axis. 

5  000 

.01 

.01 

10  000 

.02 

.02 

11000 

.03 

00 

12  000 

.03 

00 

13  000 

.03 

00 

14  000 

.03 

00 

15  000 

.04 

01) 

16  000 

.04 

00 

17  000 

.04 

00 

18  000 

... 

.05 

00 

18  600 

18  490 

,  ^ 

Failed. 

9  600 

9  550 

.69 

, 

Rocker  free. 

500 

•  •  • . 

.06 

02 

5  000 

.08 

6  000 

.... 

.09 

7  000 

.... 

.10 

8  000 

.11 

9  000 

.12 

10  000 

.16 

10  700 

10  640 

Failed.    . 

10  200 

.43 

500 

.06 

01 

Specimen  removed. 

Ordinate  north  at  middle =  .06  inch. 

east  "         =.01     •' 

Chord  shortening =  .00     " 

Shortening  per  iQch  not  perceptible. 


Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs.  per 

Remarks. 

Specimen. 

sq. in. 

1 

«.         S. 

E. 

W. 

I 

n.        In. 

In. 

In. 

Mark,  K  9- 

00 
500 

00 

.05 
.05 

.04 
.04 

Length,  52  00  in. 

1  000 

2  000 

.05 
.05 

.04 

.04 

Size, 

3  000 

.05 

.04 

.995x1,005  in. 

4  000 

5  000 

6  000 

7  000 

8  000 

9  000 

10  000 

11  000 

12  000 

13  OuO 

14  000 

15  000 
8  300 

600 

1 

'i'ooo 

8  300 

.05 
.06 
.06 
.06 
.07 
.07 
.08 
.09 
.09 
.09 
.11 

'.           !fi8 
.08 

.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.04 

'.Oi 

. 

Failed. 

6  000 

( 

)0          00 

.04 

While     load     is     rising   to 

5  000,  pressure   is  put  on 

rocker    in     direction     to 

correct  deviation. 
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[Mark  K  9"  continued.) 


I 


Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs.  per 
sq.  in. 

Kemarks. 

Specimen. 

N. 

S. 

E. 

w. 

In. 

Mark,  K  9- 

10  000 
11000 

.... 

00 
00 

•• 

.04 

Length,  52.00  in. 

12  000 

13  000 



.01 
.01 

Size. 

14  000 



.01 

.995x1.005  in. 

15  000 

16  000 

17  000 

18  000 

19  000 
19  000 
19  700 

19  700 

.02 
.'2 
.02 
.03 
.04 
.06 

■• 

Going. 
Failed. 

8  500 

8  500 

^82 

Rockers  free. 

500 

.... 

.04 

!64 

5  000 

.... 

.06 

.03 

While  load  is  rising  to  5  OOa. 
pressure  is  put  on  rockers 
in  direction  to  correct 
deviation. 

6  000 

.... 

.07 

7  000 

.... 

.08 

8  000 

.09 

9  000 

.... 

.15 

9  600 

9*600 

*  .   . 

Failed. 

8  700 

8  700 

^37 

500 

.04 

5  000 



.01 

By  pressure  on  rockers 
while  load  rises  to  4  000. 

6  000 

■  •  •  ■ 

.01 

7  000 

.... 

.01 

8  000 

.... 

.01 

9  000 

10  000 

■  ■  a  ■ 

11000 

!6i 

12  000 

.01 

13  000 

•   •  >  . 

.02 

14  000 

.03 

14  900 



Gone.  Same  direction  as 
above. 

10  700 

•  •  •   ' 

,  , 

500 

.04 

10  000 

.... 

.33 

By     pressure     on     rockers 

6  500 

.09 

while  load  rises  to  10  000. 

10  000 

t  •  >  • 

.10 

Releasing     pressure    while 

11000 

•  .   .  . 

.11 

load  drops  to  6  500. 

12  000 

•  •  «  ■ 

.11 

13  000 

.... 

.12 

14  000 

.... 

.13 

15  000 

•  ■  •  ■ 

.14 

16  000 

.... 

.15 

16  900 

16  9U0 

Failed. 

8  200 

•  .  •  ■ 

,  J 

^78 

500 

•• 

•09 

!64 

Specimen  removed. 

After  Removing  Specimen. 
Ordinate  north  at  middle  =  .06  inches. 

"        west            "  =  .03  inch. 

Chord  shortening =    00     " 

Scale  undisturbed. 
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Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs.  per 
sq.  iu. 

Kemarks. 

Specimen. 

N. 

s. 

E. 

W. 

In. 

In. 

Mark,  K  9: 

00 
500 

00 

.00 
.06 

.05 
.05 

Length,  52.00  in. 

5  000 

6  000 

.07 
.08 

.05 

Size, 

7  000 

.08 

ios 

.995  X  1.0J5  in. 

8  000 

9  000 
lOOUO 
11000 
12  000 

9  100 
51)0 

iVooo 

9  100 

.09 
.10 
.11 
.12 

!46 

.07 

'.05 

Failed. 

500 

.06 

.05 

Specimen     placed    .06    in. 

north  of  axis. 

5  000 

.... 

.04 

.05 

6  000 

.... 

.03 

7  000 



.02 

8  000 

!62 

8  700 

8  700 

Went  very  slowly. 

8  500 

8  600 

!30 

500 

« 

.05 

500 

.06 

!65 

Specimen     placed    .04    in. 

north  of  axis. 

5  000 

.05 

.05 

6  000 

a  •  •  . 

.05 

.05 

7  000 

.... 

.04 

.05 

8  000 



.04 

9  000 

.04  !     .. 

10  000 

.... 

.04 

11  000 

.03 

[oe 

12  000 

12  000 

Failed. 

8  HOO 

8  800 

'.k 

500 

.05 

.05 

500 

.06 

.05 

Specimen     placed     .02     iu. 

north  of  axis. 

5  000 

.06 

.05 

7  000 

.06 

8  000 

.07 

9  000 

.07 

* 

10  000 

..  . 

.08   ,      .. 

11000 

.08   i      .. 

12  000 

.08   !      .. 

13  000 

.09 

UOOO 

.09 

15  000 

.10 

16  000 

.11 

17  000 

.12 

18  000 

.14 

18  200 

18  200 

Failed. 

8  4110 

8  400 

.89 

Rockers  free. 

500 



.13 

.'65 

Specimen  removed. 

I 


Ordinate  north  at  middle  =  .13  inch. 

••        east          "  =  .05     " 

Chord  Shortening =  00    " 


Scale  very  slightly  disturbed  middle  of  north  side. 
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Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lb 

8.  per  

Bemarks. 

Specimen. 

1.  in. 

1 

<r.      J 

3. 

E. 

W. 

I 

n.       ] 

n. 

In 

Mark,  K  10: 

00 
500 

00 

01 
01 

.07 
.07 

Length,  56.01  in. 

5  000 

6  000 

02 
02 

.05 
.05 

Size, 

7  000 

02 

.05 

.998  X  1.002  in. 

8  000 

9  000 

10  000 

11  000 

12  000 

13  000 

14  000 

15  000 

16  000 

17  000 

02 
02 
02 
03 
03 

t!4 

04 
05 

06 
07 

.05 
.05 
.05 
.05 
.05 
.06 
.06 
.06 
.07 
.07 

17  500 

17  500 

Failed. 

7  600 

7  600 

86 

Went  very  suddenly. 

500 

•  •  a  •                        ■ 

06 

.1.7 

5  000 

.... 

04 

. 

.06 

By  prossure  on   rockers  in 

direction  to  correct  devia- 

tion and  while  load  rises 

to  5  000. 

6  000 

•    •  *   • 

05 

.05 

7  000 

05 

.05 

8  000 

05 

.06 

9  000 

06 

.06 

10  000 

06 

.f6 

11000 

07 

.06 

12  000 

08 

.06 

13  000 

09 

.07 

13  900 

13  900 

Failed. 

7  500 

7  500 

69    ; 

Rockers  free. 

500 

>  *  •  ■ 

01 

!67 

500 

01 

.07 

5  000 

01 

.05 

6  000 

02 

.05 

7  000 

02 

.05 

8  000 

02 

.05 

* 

9  000 

02 

.05 

10  000 

03 

.05 

11000 

03 

.05 

12  000 

04 

.05 

13  000 

04 

.06 

14  000 

04 

.06 

15  000 

05 

.06 

16  000 

1 

06 

.07 

17  000 

17  000 

Failed. 

7  400 

7  400 

83 

500 

.... 

06 

'.01 

5  000 

08 

.06 

6  000 

10 

.06 

7O0O 

11 

.06 

8  000 

12 

.06 

9  000 

13 

.05 

1 

9  900 

7  900 

42 

5no 

06 

!68 

5  000 

04 

By  pressure  ou  rockers  while 
load  rises  to  5  000. 

6  000 

04 

.06 

7  000 

05 

.06 

8  000 

05 

.06 

9  000 

06 

.06 

10  000 

06 

.06 

11000 

07 

.06 
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{Mark  K 10:  continued.) 


Description 

of 
Specimen. 


Mark,  KIO: 

Length,  ."je.Ol  in. 

Size, 
.998  X  1.002  in. 


Load. 
Lbs. 

Load. 
Lbs.  per 

Deviaxions. 

eq.  in. 

N. 

S. 
In. 

E. 
In. 

W. 

12  000 

.... 

.08 

.06 

13  0(0 

13  000 

.11 

6  900 

6  900 

.68 

510 



.06 

.08 

•■ 

Remarks. 


Failed. 

Specimen  removed. 


Ordinates  north 


west. 


Befobe  Te.sting. 


28 
.01 


28 
07 


42 
.11 


42 
0 


56  inches. 
0  inch. 


14  inches, 
.02  inch. 


After  Specimes  Kemoved. 


Ordinates  north 


west. 


j      14 
(    .04 

{    .02 


28 
.05 

28 
.07 


42  inches. 
.02  inch. 

42  inches. 
.10  inch. 


Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs.  per 
sq.  in. 

Remarks, 

Specimen. 

N. 

S. 

E. 

W. 

In. 

In. 

Mark,  K  10- 

00 
500 

00 

.04 
.04 

.08 
.08 

Length,  56.01  in. 

5  000 

6  000 



.18 
.(,9 

.08 
.08 

Size, 

7  000 

•  •  •  < 

.11 

.09 

.998x1.002  in. 

8  000 

8  000 

Went  very  slowly. 

7  500 

7  500 

.47 

.11 

X 

50U 

.... 

.06 

.09 

« 

5  000 

.09 

.09 

6  01)0 

.... 

.10 

.09 

7  000 

.13 

.09 

8  000 

8  000 

.23 

Went  very  slowly. 

7  51 :0 

7  500 

.44 

.11 

• 

500 



.06 

.08 

Specimen  removed. 

Ordinate  south  at  middle  =  .04  inch, 
east         "  =  .08    •• 

No  perceptible  scaling. 
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Description 

Load. 
Lbs. 

Load. 

Deviations. 

of 

Lbs.  pe 
sq. in. 

r 

Remarks. 

Specimen. 

N. 

S. 

E. 

W. 

la. 

In. 

In. 

Mark,  K  23- 

00 
500 

00 

.02 
.02 

.04 
.04 

Length,  60.00  in. 

5  000 

.02 

.06 

6  000 

*   •  •  * 

.02 

.07 

. 

Size, 

7  000 

.01 

.07 

1.C05X  .995  in. 

8  000 

00 

.07 

9  000 

.... 

00 

.07 

10  000 

•   •  •  . 

00 

.08 

11000 

•   .  •   • 

!oi 

.09 

12  000 

.02 

.10 

12  800 

12  800 

Went  rather  siiddenly. 

6  400 

6-400 

!g8 

!ii 

600 

00 

.05 

8  000 

.... 

.06 

.08 

9  0110 

.... 

.08 

.10 

9  000 

9  000 

[[ 

Went  rather  slowly. 

7  000 

7  000 

!52 

."ii 

500 

.01 

.05 

5  0(10 

.... 

.03 

.06 

6  000 



.03 

.07 

7  000 

.(14 

.07 

8  000 

... 

.06 

.08 

9  ODD 

9  000 

Failed. 

7  000 

7  000 

!56 

6  800 

!ii 

600 

5  000 

'  *  *  • 

!o7 

'.06 

By  pressure  on  rockers  tO' 
cause  bar  to  bend  in  op- 
posite direction. 

6  000 

>  •  •  . 

.08 

.06 

7  000 

.07 

.07 

8  000 

.... 

.08 

.07 

9  000 

.... 

.08 

.07 

10  000 

.... 

.08 

.08 

11000 

.09 

.08 

12  000 

•   .  •  . 

.10 

.09 

13  000 

.... 

.11 

.10 

34  000 

.   •  .   . 

.13 

.    .11 

14  9a0 

14  900 

,  . 

Failed. 

0  700 

6  700 

. . 

.86 

Rockers  free. 

500 

.  >  •  • 

.05 

.04 

5  000 

.06 

.06 

6  0U0 

.06 

.06 

7  000 

•  ■  .  ■ 

.06 

.07 

8  000 

•  ■  .   • 

.07 

.07 

9  000 

.... 

.07 

.07 

10  000 

.... 

.07 

.08 

11000 

.08 

.09 

32O0O 

.... 

.09 

.09 

13  000 

>  ■  •  ■ 

.10 

.09 

14  COO 

•   .  .  . 

.11 

.11 

15  000 
G400 

15  000 
6  400 

'.m 

Failed. 

500 

.05 

500 
5  000 



.03 
.03 

••      ] 
.06 

By  pressure. 

10  000 

.  •  •  • 

.03 

.08 

11000 

.01 

.09 

12  GOO 

•  • 

.04 

.<9 

13  000 

•  .  •  . 

.04 

.10 

14  000 

.... 

.04 

.11 

15  000 

•  '  -  . 

.04 

.13 

16  000 

.... 

.04 

.15 

17  000 

■  .  ■  . 

.04 

.17 

18  000 

18  000 

..      f 

Started  to  fail  along  axis  and 

5  400 

5  400 

.89 

changed. 

500 

.... 

.06 

!67  I 

lemoved  specimen. 

Afteb  Specimen  Remoyed. 
Ordinate  east  at  middle,  =   .06  inch. 
"        south         "        .—  .06      " 
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Descrii'tlon 

of 

Specimen. 


Mark,  K  IT- 

Length,  80.00  in. 

Size, 
1.005  X  .995  in. 


Load. 
Lbs. 

Load. 
Lbs.  per 

Deviations. 

Bq.  in. 

N. 

S. 

E. 

W. 

In. 

00 

00 

.05 

.06 

200 

■  •  •  • 

.05 

500 

•  •  •  • 

.05 

1  000 

.  .  •  • 

.05 

2  000 

.07 

3  000 

.... 

.07 

3  900 

3  900 

.41 

3  600 

3  600 

.55 

600 

.... 

.09 

2  000 

.... 

.01 

3  000 

.... 

.02 

4  000 

.... 

.03 

5  000 

.... 

.04 

. 

6  000 

6  000 

,  , 

. 

3  100 

3  100 

.62 

500 



.07 

Bemarks. 


Failed. 

By  pressure  to  bar. 

Failed. 

Specimen  removed. 


Ordinate  north 


east. . 


Oidinati  s  north 


!  i 


east 


■I 


Before  Testing, 


12 
.13 

24 

.04 

30 
.05 

40 
.05 

44 
.05 

56 
.03 

68  inches. 
.01  inch. 

12 

.02 

24 
.09 

3G 

.07 

40 
.06 

44 

.05 

56 
.01 

6S       80  inches 
0    —.04  inch. 

After  Removal. 

12 
01 

24 
.06 

36 
•07 

40 
.06 

44 
.05 

56 
.03 

68  inches. 
.01  inch. 

12 
03 

24 
.07 

36 
.07 

40 
.05 

44 
.04 

56 
.01 

OS         80  inches. 
0    —.04  inch. 

E/GHT 

T£NTHS  //VCH  SQUARE. 

67 

000  LB.    StbCL 

. 

TEST  DIAGRAMS. 

PLATE     V 

7 
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THE    KENTUCKY    AND     INDIANA     BRIDGE. 


By  Mace  Moulton,  M.  Am.  Soc.  C.  E. 
Presented  at  the  Annual  Convention,  July  1st,  1887. 


Believing  that  the  above-named  structure  is  of  sufficient  magnitude 
to  merit  description,  and  the  record  of  the  progress  and  development  of 
the  details  of  the  work  of  sufficient  value  to  be  of  interest  to  the  pro- 
fession, the  writer  submits  the  following  as  a  correct  and  tolerably  full 
account  of  the  construction. 

The  Directors  of  the  new  railroad  being  built  between  Louisville  and 
St.  Louis,  via 'EvaunsYille  and  New  Albany,  Ind.,  which  was  nearing  com- 
pletion in  January,  1881,  had,  at  an  early  stage  of  the  enterprise;  con- 
sidered it  expedient,  and  necessary  to  the  interests  of  the  road,  to  have 
a  new  bridge  built  crossing  the  Ohio  River  at  Louisville,  giving  them 
a  shorter  and  an  independent  entrance  into  the  city.  They  therefore 
obtaiued  charters  in  Indiana  and  Kentucky  for  such  a  structure,  the 
former  on  March  2d,  1875,  and  the  latter  on  April  1st,  1880. 

These  gentlemen,  with  others,  formed  a  stock  company,  to  be  known 
as  the  Kentucky  and  Indiana  Bridge  Company,  incoriDorated  under  the 
laws  of  Kentucky  on  February  1st,  1881,  and  of  Indiana,  March  7th, 
1881.  The  capital  stock  was,  after  carefully  detailed  estimates,  placed 
at  ^1  500  000. 
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The  general  location  of  the  structure  having  been  determined  upon 
as  connecting  the  lower  jiart  of  the  city  of  Louisville,  known  as  Port- 
land, and  the  upper  part  of  the  city  of  New  Albany,  Ind.,  the  Stock- 
holders and  Directors  appointed  Mr.  John  MacLeod,  M.  Am.  Soc.  C.  E. , 
of  Louisville,  as  Chief  Engineer,  and  Mr,  C.  Shaler  Smith,  M.  Am.  Soc. 
C.  E.,  of  St.  Louis,  as  Consulting  Engineer. 

The  preliminary  surveys  of  the  river  were  commenced  April  10th, 
1881,  and  finished  in  about  two  months.  These  covered  shore  lines  for 
two  miles,  sounding  and  boring,  and  current  observations  at  three  stages 
of  water.  The  locations  of  the  usual  courses  of  vessels  of  different 
kinds  crossing  the  proposed  line  were  determined  with  the  assistance  of 
the  chief  falls  pilot,  in  order  to  accommodate  the  river  interests  as  much 
as  possible  in  the  disi^osition  of  spans  and  location  of  piers. 

A  map  embodying  all  the  results  of  surveys,  together  with  the  ar- 
ragement  of  spans  and  elevation  of  grade  finally  determined  upon,  was 
made  and  forwarded  to  the  War  Department  for  approval. 

From  gauge  records  of  the  Government  canal,  as  to  stages  of  water 
for  different  seasons  for  several  previous  years, was  plotted  a  hydrograph, 
which,  together  with  the  results  of  later  observations  up  to  completion 
of  bridge  is  shown  by  Plate  XV.  The  map  of  location  sent  to  Wash- 
ington is  shown  by  Plate  XIV. 

The  original  idea  of  the  bridge  comprehended  a  structure  capable  of 
accommodatiug  railway  and  highway  traffic,  to  compete  for  the  former 
with  the  upper  bridge  built  by  the  Louisville  Bridge  Company — Mr. 
Albert  Fink,  Past  Presideiit  Am.  Soc.  C.  E.,  Chief  Engineer  ;  Louisville 
Bridge  and  Iron  Company,  contractors — now  principally  owned  and 
operated  by  the  Pennsylvania  Railroad;  and  to  supply  facilities  for  the 
latter  which  had  been  but  indifferently  afforded  by  the  existing  ferry. 

The  site  selected  is  at  the  narrowest  i^oint  of  the  river,  and  admirably 
suited  to  accommodate  both  cities  at  its  termini,  and  the  railroads  ex- 
pected to  run  over  it. 

At  this  point  the  difference  between  extreme  low  and  high  water  is 
greater  than  at  any  station  on  the  river  between  Pittsburgh  and  Paducah, 
both  included. 

This  difference,  according  to  the  data  afforded  by  the  great  rise  of  1832, 
is  67J  feet,  and  the  Act  of  Congress  providing  for  the  construction  of 
bridges  over  the  Ohio  requires  that  the  lowest  point  of  any  structure 
spanning  the  channels  of  the  river  at  this  j)oint  shall  be  40  feet  above  ex- 
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treme  high  water,  thus  necessitating  the  bottom  chord  center  line  to  be 
about  one  hundred  and  nine  feet  above  lowest  low  water. 

The  river  is  divided  at  the  line  of  bridge  into  two  chutes  by  an  island, 
the  Indiana  chute  being  the  wide  and  shallow,  or  high- water  channel,  and 
the  Kentucky  chute  the  narrow  and  deep  channel  used  at  low  stages  of 
water. 

The  current  in  the  latter  runs  at  all  times  with  much  force,  which, 
together  with  the  fact  that  very  low  water  forces  all  traffic  through  this 
channel,  made  it  advisable  to  avoid  the  use  of  false-work  in  erecting  the 
span  crossing  it. 

Close  to  the  Indiana  side  of  the  island  the  bulk  of  the  coal  traffic 
passes,  and  the  lower  end  of  the  island  is  used  for  a  meeting  point  for 
the  purpose  of  shifting  tows  of  coal  boats. 

These  facts  made  a  long  span  necessary  at  this  jDoint,  and  a  system 
of  cantilevers  suggested  itself  as  best  accommodating  the  circumstances 
of  the  location. 

Taking  all  these  governing  points  into  consideration,  the  arrange- 
ment of  spans  as  finally  adopted  was  as  shown  by  Plate  XVI.  This  gives 
a  total  length  between  centers  of  end  piers  2  453  feet.  In  this  length 
the  whole  structure  between  Piers  4  and  9  is  a  continuous  cantilever 
system  1  843  feet  in  length,  the  longest  yet  constructed,  as  far  as  known 
to  the  writer. 

The  design  upon  which  the  first  estimates  were  based  is  shown  in 
skeleton  profile  in  Plate  XVI. 

The  details  of  the  substructure,  as  specified  in  contracts,  compre- 
hended the  excavation  of  foundations  for  piers  to  bed-rock,  which  con- 
sists of  limestone  overlaid  by  slate  of  variable  thickness.  The  stone  to 
be  used  in  the  piers  to  be  Bedford  oolitic  limestone,  with  courses  up  to 
18  feet  above  low  water,  37  inches  in  thickness;  stretchers  not  over 
8  feet  6  inches  long  by  3  feet  wide;  and  headers  not  less  than  6  feet  long 
by  3  feet  wide.  Above  this  level  the  courses  to  vary,  with  minimum 
thickness  of  2  feet  1  inch.  The  specifications  for  stone  and  for  setting 
the  same  were  rigid,  insuring  first-class  work. 

The  quarries  at  Bedford  are  large  and  well  equipped  with  channeling 
machines,  and  could  get  out  the  stone  for  the  thick  courses  at  a  cost 
less  than  for  smaller  stone.  Hence  the  bids  showed  that  there  was  no 
additional  cost,  incident  to  the  increased  size  of  stone,  in  obtaining 
the  material,  and  it  was  believed  that  time  might  be  gained  in  setting 
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the  stone  in  the  wall  aud  aa  improvement  made  in  the  solidity  and 
appearance  of  the  finished  work.  Piers  1  and  9  were  to  be  of  wrought- 
iron  cylinders  filled  with  concrete. 

The  superstructure  was  to  be  in  general  outline  as  already  men- 
tioned. 

The  cantilever  system  to  be  of  steel  in  the  trusses  and  iron  in  floor, 

and  the  remaining  spans  entirely  of  iron.     The  floor  was  to  be  riveted 

between  trusses. 

Unit  strains  in  steel  as  follows : 

Tension  in  eve-bars 13  500  jjounds  per  square  inch. 

Kiveted  chords  in  20-foot  lengths 14000  " 

Posts,  1.4  times  their  value  in  iron. 

Iron  parts: 

Eye-bars 10  000 

Posts  by  adaptation  of  Kankine's  formula. 

Shape-iron  tension,  net  section 10  000 

"         compression,  gross  section .. .   8  000  "  " 

Estimates  were  carefully  jjrepared  of  quantities  and  work  to  be  done, 
and  on  September  16th,  1881,  the  Stockholders  and  Directors  of  the 
Bridge  Company  conferred  on  the  President  the  authority  to  call  for 
bids  on  the  work. 

The  successful  bidders  were  as  follows: 

Foundations:  Peter  Scully,  St.  Louis,  Mo. 

Stone:  Hinsdale  Doyle  Granite  Company,  Bedford,  Ind. 

Freight  on  stone:  Louisville,  New  Albany  and  Chicago  Railway 

Company. 
Laying  masonry:  McAfee,  Flannery  it  Cassilly,  Louisville,  Ky. 
Superstructui'e:  Edge  Moor  Iron  Company,  Wilmington,  Del. 
The  estimated  cost  of  bridge,  based  on  these  bids,  was  as  follows : 

Pier  1,  cylinder  pier $12  237  87 

"9,  "        20  217  23 

Piers  2  to  8  inclusive,  masonry  piers 263  113  00 

Total  substructure $295  568  10 

"      superstructure 719  053  00 

Total $1014  621  10 

Contracts  were  at  once  signed  with  the  contractors  for  the  sub- 
structure. 

Ground  was  first  broken  in  foundation  for  Pier  2  October  10th. 
The  excavation  was  carried  to  bed-rock  and  cleared  off  in  three  days, 
the  foundation  being  dry.  On  October  29th  the  caisson  for  Pier  3  was 
pumped  dry  and  excavation  commenced. 

Bed-rock  was  reached  at  a  depth  of  three  feet  on  November  4th,  but 
the  foiindation  was  not  completed,  as  the  river  began  to  rise  very  rapidly, 
and  in  a  short  time  the  caisson  was  overflowed  and  work  stopped. 
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On  November  9th  the  J&rst  stone  was  set  at  Pier  2,  but  little  was 
done,  however,  as  the  rise  in  the  river  soon  covered  the  work. 

Much  valuable  time  was  lost  by  the  masonry  contractors  through 
mismanagement,  and  the  plant  being  put  up  by  them  was  inadeqiiate  to 
handle  the  very  large  stone  in  the  lower  courses.  Hence  the  work  was 
partially  taken  into  the  hands  of  the  Bridge  Company,  and  finally  the 
contractors  gave  it  up,  and  the  contract  was  annulled  by  mutual  consent 
on  December  5th. 

During  the  winter  and  spring  nothing  of  consequence  was  done  in 
the  river.     Stone  was  received  from  quarries  and  unloaded. 

The  first  great  rise  in  the  river  for  many  years  occurred  in  February, 
■culminating  on  the  22d  at  an  elevation  of  61  feet  above  low  water. 

The  spring  passed  and  the  water  did  not  subside  to  a  point  low 
■enough  to  reclaim  the  foundations  at  Piers  2  and  3,  and  the  only 
activity  about  the  site  was  the  receiving  and  unloading  of  stone. 

Complications  arose  when  the  signing  of  traflic  contracts  with  the 
Louisville,  Evansville  and  St.  Louis  Railway,  and  the  Louisville,  New 
Albany  and  Chicago  Railway  was  brought  up,  the  directory  of  these 
roads  having  changed  during  the  interval.  Negotiations  between  the 
Bridge  Company  and  the  railroads  not  progressing  satisfactorily,  work 
was  entirely  suspended  May  15th,  1882,  and  the  contractors  so  notified. 

The  work  thus  stopped  was  left  as  follows :  Foundations  2  and  3  exca- 
vated, but  lost  in  high  water;  a  large  amount  of  stone  in  yards  ready  for 
laying;  the  entire  plant  of  masonry  contractors  in  i^ossession  of  Bridge 
Company  by  purchase;  and  the  sheets  of  cylinder  iron  for  Piers  1  and  9 
■on  the  ground. 

Nothing  further  was  done  towards  construction  until  October  10th, 
1883,  when  work  was  recommenced.  Foundation  for  Pier  2  was  re- 
•claimed  and  stone-setting  started.  A  new  caisson  for  Pier  3  was  put  in 
place,  being  sunk  as  building  progressed  until  bed-rock  was  reached. 
The  river  rose  and  drove  them  out  just  as  it  Avas  anchored  down.  Some 
excavation  was  done  on  shore  for  Pier  1,  and  some  riveting  up  of  sheets 
■of  cylinders. 

On  December  lOtb,  1883,  the  contract  for  foundations  and  setting- 
stone  was  let  to  Messrs.  Bruce  k.  Alexander,  of  Indiana,  who  imme- 
diately took  charge  of  the  plant  and  went  on  with  the  excavation  at  Pier 
1,  and  commenced  sinking  the  cylinders. 

Work  was  continued  with  varying  success  until  the  great  rise  of  the 
river  in  February,  1884,  which  reached  its  height  on  February  16th,  at 
an  elevation  of  70.6  feet  above  low  water,  or  four  feet  higher  than  ever 
before  known.     No  damage  was  done  by  the  rise  at  the  bridge  site. 

The  water  subsided  rapidly,  and  on  April  14th  excavation  was  recom- 
menced at  Pier  1,  and  from  that  time  the  work  was  prosecuted  vigor- 
ously whenever  the  river  permitted,  until  the  last  stone  was  set  on  the 
last  pier  July  6th,  1885. 
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The  following  is  a  brief  summary  of  the  jarogress  on  the  various 
piers  in  the  order  of  numbers,  commencing  at  the  Indiana  shore,  with- 
out reference  to  their  chronological  order,  the  work  being  necessarily 
intermittent  on  any  i^ai'ticular  pier,  inasmuch  as  it  was  attempted  to 
bring  each  in  turn  above  ordinary  stage  of  water  as  soon  as  possible 
after  the  foundation  was  obtained,  and  then  proceed  to  others  which 
were  in  a  less  forward  state. 

Cylinder  Pieks  1  and  9. — Each  pier  is  comj^osed  of  two  cylinders, 
7  feet  diameter  under  coping,  with  a  uniform  batter  of  i  inch  to  a  foot. 
The  cylinders  are  formed  of  wrought-iron  sheets  f  and  i-inch  thick. 

The  lower  or  cutting  edges  are  made  of  segmental  castings,  9  inches 
R'ide  at  top,  and  tapered  to  an  edge  at  bottom.  On  the  circular  shelf 
thus  afforded  just  inside  the  shell  is  laid  a  13-inch  brick  wall  extending 
to  the  top  of  cylinder. 

The  cylinders  are  completely  filled  to  within  15  inches  of  the  top  with 
hydraulic  cement-concrete  thoroughly  rammed.  The  proportions  of 
this  concrete  are,  1  part  cement,  2  jjarts  sand,  and  6  of  broken  stone 
which  will  pass  through  a  2^-inch  ring.  This  concrete  was  put  in  at 
Pier  9  with  the  clam-shell  dredge  used  in  excavation,  and  with  funnel- 
chutes  aroiTud  the  edges.  Portland  cement  was  used  in  the  concrete  for 
the  lower  10  feet  of  cylinders. 

On  top  of  the  concrete  was  set  a  course  of  stone  projecting  two 
inches  out  of  the  cylinders,  and  on  this  was  set  the  coping  course.  By 
this  arrangement  no  vertical  pressure  is  allowed  to  come  on  the  wrought- 
iron  shell. 

Pier  1. — Work  commenced  in  earnest  December  10th,  1883,  and  w'as 
prosecuted  until  the  25th,  when  the  cylinders  struck  rock.  They  were 
at  that  time  13  feet  high.  Nothing  further  was  done  till  April  14th, 
1884,  when  an  order  was  issued  to  take  them  out  and  set  them  closer 
together  to  accommodate  new  design  of  bridge.  After  hoisting  out  the 
cylinders  the  slate  was  excavated  until  the  bed-rock  was  reached  and 
then  they  were  lowered  into  place,  and  on  May  1st  the  first  cylinder  was 
leveled  and  brick-laying  and  concreting  commenced.  This  was  con- 
tinued until  May  29th.  Nothing  more  was  done  until  July  9th,  when 
work  was  carried  on  ten  days  and  again  stopped. 

On  August  6th  the  pier  was  again  taken  in  hand,  and  on  the  23d 
concreting  was  finished  and  the  jiier  left.  The  coping  was  set  on 
February  23d,  1885,  thus  finishing  the  work  on  Pier  1. 

Pier  9. — Excavation  began  Sejotember  22d,  1884.  Work  on  this 
pier  was  carried  on  steadily,  with  various  discouraging  mishaps  due 
partly  to  the  nature  of  the  soil  through  which  the  cylinders  were  sunk, 
and  partly  to  the  insufficiency  of  the  contractor's  plant.  Excavation 
w^as  done  by  aid  of  jjumps  in  the  interior  of  cylinders.  When  the  water 
could  no  longer  be  kept  down  a  clam-shell  dredge  was  used. 

The  brick-wall  linings  Avere  l)uilt  uj)  continuously  as  the  sinking 
progressed,  giving  a  sufficient  load,  in  addition  to  the  weight  of  cylin- 
ders, to  cause  them  to  sink  rapidly  when  excavation  progressed 
favorably. 

The  earth  around  the  cylinders  was  caving  in  most  of  the  time,  due 
to  the  running  in  of  the  sand  on  the  lower  level  on  the  shore  side.  This 
caused  them  to  slide  and  tip  slightly,  but  whenever  this  occurred  it 
was  corrected  by  jacking  the  cylinders  over  during  sinking. 

The  cutting  edges  struck  rock  May  12th,  and  after  cleaning  off  the 
surface  the  concreting  was  rapidly  pushed  and  the  cylinders  filled,  and 
last  stone  in  coping  was  set  on  July  6th,  1885. 
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River  Pieks. — These  average  9  feet  wide  by  36  feet  long  on  top 
under  coping,  and  106  to  120  feet  high,  with  a  batter  all  around  of 
one-half  inch  to  the  foot. 

All  these  are  masonry  piers  resting  on  rock.  Although  without  or- 
namental work  of  any  kind,  they  present  an  appearance  of  solidity  which, 
considering  their  height,  is  seldom  exceeded. 

In  obtaining  the  foundations  several  methods  were  pursued.  On 
the  Indiana  side  the  surface  of  the  bottom  was  bare,  and  the  strata  of 
limestone  on  which  it  was  designed  to  rest  the  piers  dips  downward 
towards  the  Kentucky  side  at  an  angle  of  about  seven  degrees  with  the 
horizontal. 

The  limestone  is  overlaid  with  thin  sheets  of  slate,  until  Pier  7  is 
reached,  where  it  runs  out.  This  slate  was  easily  blasted  out,  and  the 
surface  of  the  limestone  immediately  under  it  proved  for  a  thickness  of 
from  J  to  2  inches  nearly  as  hard  as  flint. 

The  sand  and  gravel  overlying  the  slate  commenced  at  Pier  3  with 
a  thin  covering,  and  increased  in  deijth  towards  Kentucky,  until  at 
Pier  8,  15  feet  was  encountered. 

Pier  2. — As  already  stated,  the  foundation  for  this  joier  was  obtained 
dry  at  a  low  stage  of  water,  nothing  but  a  puddle  wall  being  used  at  any 
time  in  setting  the  lower  courses  of  stone. 

Work  on  the  wall  was  commenced  in  earnest  May  1st,  1884,  and  pros- 
ecuted vigorously,  with  few  interruptions,  until  July  11th,  when  it  Avas 
ready  for  coping.  The  first  40  feet  was  built  with  derrick  onshore,  and 
then  as  water  rose,  use  was  made  of  derrick  boats  for  25  feet  more.  The 
remainder  was  carried  on  by  derrick  set  on  the  pier  itself,  and  jacked  up 
as  the  Avork  progressed. 

On  July  9th,  1885,  the  coping  course  was  laid,  finishing  the  pier. 

Pier  3. — At  this  jjier  the  foundation  was,  as  previouly  mentioned, 
nearly  finished  in  1881,  when  the  rising  water  filled  the  caisson. 

This  caisson  was  an  octagonal  box,  of  2-inch  vertical  pine  plank 
thoroughly  canlked.  Inside  rings  of  10  by  12-inch  timber  were  placed 
every  four  feet  in  height,  braced  by  oak  timber  bolted  on  toj^  horizon- 
tally across  the  corners.  The  holding-down  key-bolts  passed  through 
these  braces  into  the  rock. 

This  caisson  was  entirely  lost  in  the  high  water  of  1882. 

A  new  one  was  begun  October  23d,  1883,  in  j^lan  also  octagonal,  of 
2-inch  plank,  but  laid  flat,  with  hot  pitch  between  the  layers.  The 
lower  four  feet  was  of  12-inch-wide  plank,  next  four  feet  of  10-inch 
plank,  next  four  feet  of  8-inch,  and  next  6-inch  plank,  each  layer  being 
securely  sj^iked  to  the  one  next  below.  This  was  jacked  down  as  fast 
as  built,  and  when  finally  in  place  on  bottom  Avas  bolted  securely  to 
rock  on  outside. 

As  with  the  other  box,  the  bottom  was  no  sooner  reached  and  all 
made  secure,  than  the  river  rose  and  drove  them  out.  Nothing  more  was 
seen  of  the  caisson  until  after  the  great  rise  of  February,  1884.  On 
May  27th  it  began  to  show  again,  and  on  July  22d  the  water  had  sub- 
sided enough  to  work,  and  pumping  was  commenced  and  mud  excavated. 
The  next  day  the  first  stone  was  set  in  this  jjier. 

This  work  was  carried  on  about  two-thirds  of  the  time  until  Novem- 
ber, when  it  was  stopped  a  few  courses  below  the  coping. 
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During  the  first  week  in  June,  1885,  tlie  pier  was  finished  by  setting 
the  last  coping  stone  June  8th. 

Pier  4. — This  foundation,  commenced  June  26th,  1884,  was  put  in 
with  a  coffer-dam,  built  as  follows: 

Two  rectangular  frames  of  12  by  12-inch  timber  were  made,  the  out- 
side frame  about  ten  feet  larger  all  around  than  the  inside  one.  These 
were  braced  and  bolted  together  in  the  same  horizontal  plane.  Two 
other  frames  were  then  made,  and  braced  together  about  four  feet  apart, 
of  such  size  that  the  outside  frame  was  three  feet  smaller  all  around 
than  the  outside  frame  of  the  former  pair,  and  the  inside  frame  three 
feet  larger  than  the  other  inside  frame. 

The  last  pair  was  then  put  in  place,  ten  feet  vertically  above  the  first 
pair  and  1 J -inch  plank  sheet  piling  driven  close  inside  the  frames,  the 
space  filled  with  puddle  forming  a  wall  ten  feet  thick  at  bottom  and  four 
feet  thick  at  top.     The  whole  rested  on  gravel. 

No  success  in  pumj^ing  dry  was  obtained  until  the  inside  sheet  piles 
were  driven  to  rock. 

July  1st  high  water  claimed  the  dam,  but  on  the  15th  day  of  the 
same  month  gave  it  up,  and  pumping-out  commenced,  and  excavation 
was  completed  and  first  stone  set  July  19th.  Three  feet  depth  of  gravel 
Avas  encountered,  and  three  feet  of  slate  was  blasted  out  before  reaching 
bed-rock. 

Masonry  was  laid  continuously,  with  a  few  interruptions,  during 
July  and  August,  and  again  during  November  and  the  first  half  of  De- 
cember, when  the  pier  was  nearly  comi^leted. 

During  the  first  week  in  April,  1885,  this  pier  was  again  taken  up, 
and  the  last  stone  set  April  9th. 

Pier  5. — This  foundation  was  obtained  by  means  of  a  timber-dam 
with  puddle  outside. 

The  lower  four  feet  of  dam  was  composed  of  courses  of  12  by  12-inch 
timbers,  securely  connected  with  each  other  by  vertical  bolts,  and  the 
upper  section  of  six  feet  in  similar  courses  of  10  by  10-inch  timber,  all 
being  flush  on  the  outside. 

July  18th  the  box  was  floated  into  jjosition.  Sheet  piling  was  then 
put  in  on  outside  and  driven  to  rock,  and  puddle  placed  all  around  out- 
side of  piling.     This  proved  a  very  satisfactory  dam. 

August  Gth  the  water  rose  enough  to  stop  work  for  ten  days,  at  the 
end  of  which  time  pumping  was  commenced. 

As  above  stated,  puddle  was  found  necessiiry,  and  after  putting  this 
around  the  outside  on  August  17tb,  excavation  proceeded  successfully 
to  completion  on  August  23d,  when  the  first  stone  was  set. 

Eighteen  inches  of  gravel  and  three  feet  of  slate  were  encountered 
in  this  foundation. 

Stone-setting  progressed  fairly  well,  work  being  carried  on  about 
one-half  of  the  time,  until  November  5th,  when  it  was  stopped  tor  the 
winter. 

On  March  13th,  1885,  work  was  again  commenced,  and  continued 
until  April  21st,  when  the  last  coi)ing  stone  was  set. 

Pier  6. — The  foundation  for  this  pier  was  obtained  by  the  use  of  an 
open  box  framed  at  site.  This  was  commenced  July  31st,  1884,  and 
made  8  feet  high,  of  vertical  li-inch  plank  with  frames  of  12  by  12-inch 
timber  every  four  feet,  to  which  the  planks  were  spiked  and  then 
caulked. 

When  this  was  sunk  another  four-foot  section  was  added,  and  August 
6th  work  was  stopped  by  the  rise  of  water.  During  this  interval  of 
rest,  borings  were  made  to  determine  how  much  gravel  and  rock  were 
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to  be  encountered.     The  former  proved  to  be  12  feet  in  depth  and  the 
slate  4  feet. 

Excavation  commenced  August  28th  and  was  prosecuted  successfully 
until  September  11th,  when  it  was  completed  and  the  first  stone  set. 

Laying  stone  was  pushed  vigorously  until  October  15th,  when  work 
was  suspended  for  a  month  and  again  prosecuted  from  November  14th 
to  December  13th.  From  this  time  the  masonry  was  carried  up  in  a 
desultory  manner  a  few  days  at  a  time  until  April  2d,  1885,  when  the 
last  coping  stone  was  set,  completing  the  pier. 

PiEK  7. — This  foundation  was  taken  in  hand.by  the  Bridge  Company 
to  insure  its  completion  during  the  current  season. 

Two  rows  of  piles  were  driven  7  feet  apart,  and  7  feet  center  to  center 
in  the  rows.  The  inside  rectangle  thus  formed  was  20  feet  wider  and  25 
feet  longer  than  the  proposed  dam  to  be  placed  inside. 

Between  the  rows  were  placed  wales  2  to  3  feet  apart  vertically,  6  by 
12-inch  timber  on  outside  of  the  inside  rectangle  of  piles  and  6  by  10- 
inch  on  the  inside  of  outside  rectangle. 

Three-inch  oak  sheet  piling  was  then  driven  close  to  the  wale  pieces 
of  the  inside  row  4  feet  into  the  gravel,  and  2  inch  planks  on  the  outside 
wales  were  driven  just  enough  to  penetrate  the  gravel.  This,  when 
completed,  left  a  space  between  sheet  piling  4  feet  inside  all  around, 
which  was  then  filled  with  puddle. 

The  caisson  was  an  open  box  of  vertical  2-inch  plank  spiked  on  rec- 
tangular frames  of  12  by  12-inch  timbers  placed  four  feet  apart.  The 
bottom  frame  was  in  two  courses  of  12-inch  and  the  others  single.  The 
box  was  first  built  8  feet  high,  and  as  sinking  progressed  another  sec- 
tion of  7  feet  was  added. 

The  space  between  puddle  walls  and  caisson  was  10  feet  wide  all 
around,  except  at  the  down  stream  end,  which  was  made  15  feet. 

On  August  29th,  1884,  soundings  having  been  completed,  jiile-driv- 
ing  commenced,,  and  on  September  19th  puddle  dam  was  completed. 
The  next  day  the  caisson  was  put  together  in  place  and  excavation  com- 
menced and  pushed  night  and  day  until  October  8th,  when  bed-rock 
was  cleared  off. 

Considerable  time  was  lost  from  breakage  of  ^iumps,  but  no  further 
delays  of  consequence  occurred,  and  the  ease  with  which  the  foundation 
was  obtained  confirmed  the  judgment  used  in  adopting  tlie  method 
followed  for  this  foundation.  About  fourteen  feet  of  gravel  and  sand 
were  excavated,  and  overlying  tliis  was  a  layer  of  4  feet  of  loose  rock 
which  had  washed  down  from  work  done  on  canal  above  in  18G9.  No 
slate  was  found. 

Masonry  was  laid  continuously  from  the  time  the  bed-rock  was 
reached  for  a  mouth,  when  work  was  virtually  suspended  for  the  winter, 
the  wall  extending  above  ordinary  high  water. 

On  April  14th,  1885,  work  was  again  started,  and  continued  until 
May  28th,  when  the  last  stone  was  set. 

PiEB  8.  — The  foundation  for  this  pier  was  put  in  by  the  Bridge 
Company  for  the  same  reason  as  in  case  of  Pier  7. 

Owing  to  expected  high  water  a  pneumatic  caisson  was  used  to  ob- 
tain this  foundation. 

Soundings  were  taken  and  borings  made  with  a  diamond  drill  during 
the  first  of  September,  1884.  In  October  guide  piles  were  driven  near 
the  site  for  platforms. 

On  November  14th  the  caisson  was  launched  on  the  Kentucky  shore, 
and  on  the  16th  it  was  in  place.     This  caisson  was  built  with  vertical 
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sides  3  feet  thick,  of  12-inch  timbers  placed  lengthwise.  The  working- 
chamber  was  7  feet  high  from  cutting  edges  to  roof.  The  latter  Avas  5 
feet  thick  in  12-inch  layers;  lower  coui-se  lengthwise,  next  crosswise,  the 
next  two  diagonal,  and  the  top  course  lengthwise. 

Posts  were  framed  for  o^jen  section  above  the  roof,  but  as  the  stage 
of  the  water  allowed  work  to  be  i^ushed  without  interruption,  the 
masonry  could  be  carried  up  faster  than  the  caisson  was  sunk,  and  the 
sides  were  not  needed. 

On  November  20tli  the  bottom  floor  was  knocked  out  and  excavation 
and  stone-setting  commenced  on  the  22d.  Sand-blowing  was  begun  and 
excavation  was  carried  on  without  serious  interruption  until  rock  was 
struck  on  the  upper  end  December  4tli.  The  rock  was  cleared  off  and 
the  down-stream  end  of  caisson  blocked  up  carefully,  and  concreting 
commenced  next  day. 

Laying  stone  was  suspended  on  the  8th.  The  filling  of  the  working 
chamber  was  completed  December  24th,  and  the  air  shafts  removed  and 
their  places  filled. 

About  fifteen  feet  of  gravel  and  sand  were  encoimtered  in  this  founda- 
tion, but  no  slate. 

The  work,  which  had  been  carried  on  night  and  day  during  the  sink- 
ing and  concreting,  was  now  stopped  for  two  weeks  until  January  9th, 
1885,  when  masonry  was  laid  for  a  week,  and  also  a  week's  work  was  put 
in  during  the  early  part  of  February,  extreme  cold  weather  preventing 
continuous  stone- setting. 

On  April  23d  this  pier  was  again  taken  in  hand,  and  work  progressed 
continuously  until  June  6th,  when  the  last  stone  was  set. 

SUPERSTKUCTURE. 

In  December,  1883,  the  final  contract  for  superstructure  was  executed 
with  Messrs.  Charles  Macdonald  and  Edward  Hemberle,  Members  Am. 
Soc.  C.  E.,  on  the  basis  of  specifications  given  in  Appendix,  and  design 
as  shown  in  skeleton  on  Plate  XVI.  The  general  plans  of  details  were 
to  be  furnished  from  the  office  of  Mr.  Hemberle,  at  Chicago,  and  the 
shop  work  was  to  be  done  at  the  shops  of  Messrs.  Kellogg  &  Maurice, 
Members  Am.  Soc.  C.  E.,  at  Athens,  Pa. 

On  February  16th,  1885,  the  writer  was  directed  by  the  Chief  Engi- 
neer, Mr.  John  MacLeod,  to  assume  charge  of  the  work,  with  general 
sui^ervision  of  drawings,  bills  of  material,  inspection  of  material  at 
mills  and  shops,  and  of  erection,  with  authority  to  rej)resent  him  in  all 
matters  of  detail. 

In  accordance  with  these  instructions,  the  examination  of  designs 
was  immediately  entered  upon  at  Chicago,  and  all  stress  sheets  and 
drawings,  both  general  and  detail,  were  thoroughly  checked  over  as 
regards  conformity  with  specifications  and  skeleton  designs  upon  which 
contract  was  based. 

This   work  was  carried  on  without  interruption  at  Chicago,  Bufi"alo 
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and  Athens  until  the  last  pound  of  material  was  ordered.  No  unusual 
problems  presented  themselves  in  course  of  design,  excepting  those 
natural  to  the  system  of  web  members,  and  the  series  of  cantilever- spans 
continued  to  such  an  unusual  extent. 

Among  the  noticeable  features  of  design  may  be  mentioned  the  use  of 
steel  pins  9  inches  diameter  at  pier  posts,  the  size  of  these  posts  them- 
selves, which  are  30  by  36  inches,  using  36-inch  steel  plates  38  feet  long, 
the  largest  steel  plates  ever  rolled  in  American  mills.  Reference  to  the 
stress-sheet  tables  in  the  Appendix  will  also  show  some  sizes  which  are 
not  often  encountered  in  ordinary  bridges. 

The  entire  cantilever  system  is  of  steel,  with  the  exception  of  the 
floor,  which  is  of  iron. 

The  draw-span  and  the  240-foot  span  are  composite,  iron  and  steel  in 
the  trusses,  with  iron-floor  systems.  Early  in  the  prosecution  of  the 
work,  and  as  soon  as  Mr.  Hemberle  had  finished  the  design  of  the  canti- 
lever system,  he  disposed  of  his  interest  in  the  contract  to  the  Union 
Bridge  Company,  and  later  Mr.  Macdonald  also  conveyed  his  interest  to 
them,  and  from  that  time  the  entire  contract  was  in  their  hands. 

In  placing  the  orders  for  the  material,  much  discrimination  wa& 
necessary  to  so  scatter  it  that  large  quantities  might  be  concentrated  at 
shops  simultaneoiisly,  so  that  no  unnecessary  stoppage  might  occur  due- 
to  the  delays  of  mills.  In  obtaining  the  iron  required  this  was  fairly 
successful,  but  in  case  of  the  steel  prompt  deliveries  were  not  the  rule. 
The  causes  which  brought  this  about,  however,  were  more  due  to  want 
of  duplication  and  the  multiplicity  of  sizes  incident  to  the  design  than 
to  the  mills. 

The  orders  for  steel  angles,  and  bars  for  tension  members,  were  placed 
with  the  Cambria  Iron  Comj^any.  Those  for  steel  plates  with  Messrs. 
Carnegie  Brothers  &  Co. ,  who  obtained  their  slabs  from  the  Pennsylvania 
Steel  Comjjany,  at  Steelton,  Pa. 

The  draw-span  was  sixblet  to  the  New  Jersey  Steel  and  Iron  Com- 
pany, who  bought  their  steel  billets  and  rolled  their  own  angles,  and 
had  the  steel  plates  from  Carnegie's. 

No  steel-shajie  iron  was  used  in  the  work. 

By  reference  to  the  Aj^pendix  a  complete  record  of  tests  made  on  the 
steel  used  in  the  structure  may  be  seen,  together  with  accompanying- 
notes  as  to  peculiarities  observed,  and  deductions  therefrom,  made 
necessary  in  course  of  the  prosecution  of  the  work. 
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In  the  shops,  construction  was  carried  on  as  vigorously  as  shipments 
•of  material  from  the  mills  would  allow,  and  the  first  shipment  of  175 
tons  finished  iron  was  made  to  bridge  site  in  May,  1885. 

During  May  and  June  false-work  material  was  arriving  at  the  river, 
and  in  July  and  August  tlie  false- work  for  360-foot  span  was  put  in.  This 
false-work  was  about  one  hundred  feet  high,  and  the  water  was  at  a  very 
poor  boating  stage. 

September  2d  raising  was  commenced  with  iron-floor  system.  Up  to 
this  time  ■410  tons  of  iron  had  arrived. 

During  September  200  tons  of  steel  for  this  span  was  received,  and 
■October  7-8th  raising  of  the  trusses  was  commenced. 

November  12th  pile-driving  for  false-work  of  Indiana  2G0-foot  canti- 
lever anchorage  span  was  started,  and  on  November  23d  the  erection  of 
360-foot  span  being  comiileted,  the  IGO-foot  cantilever  arm  toward  Ken- 
tucky was  commenced  and  removal  of  false-work  begun . 

On  December  3d  140  feet  of  cantilever  was  comi^lete,  as  likewise 
was  the  false-work  of  260-foot  anchorage  span.  December  15th  raising 
of  Indiana  cantilever,  next  360-foot  span,  was  commenced,  also  false- 
work for  Kentucky  260-foot  anchorage  span.  December  26th  some  miss- 
ing parts  required  having  arrived,  erection  of  Indiana  260-foot  span 
■began. 

January,  1885,  opened  cold,  but  work  was  jiushed  as  much  as  possible, 
and  on  the  15th  pits  for  sills  of  false-work  of  210-foot  Indiana  shore 
span  were  started.  All  work  in  iron-raising  was  stopped  by  running  ice, 
January  7th,  on  account  of  inability  to  transfer  material  barges.  Prog- 
ress was  made,  however,  on  both  banks  of  river.  On  January  18th  an 
iron-hull  tvig-boat  was  secured  to  handle  barges,  and  work  resumed  on 
erection,  and  the  260-foot  span  was  comjileted  next  day.  The  running 
out  of  160-foot  cantilever  toward  360-foot  span  was  immediately  started, 
and  as  soon  as  its  length  reached  140  feet  the  other  cantilever  was  re- 
sumed and  both  pushed  out  simultaneously. 

On  February  9tli  the  junction  was  effected  without  difficulty,  the  de- 
vice for  adjustment  shown  by  Plate  XVII  working  very  satisfactorily. 

The  Indiana  traveler  was  removed  and  sent  over  to  the  Kentucky 
anchorage  span,  and  the  other  traveler  was  run  back  to  Kentucky  canti- 
lever first  completed,  to  be  ready  to  meet  the  other  arm. 

Meantime  heavy  ice  had  been  running,  and  from  the  first  had  gorged 
somewhat  above  the  false-work  of  the  260-foot  span,  giving  much  anxiety 
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lest  it  should  be  carried  out;  and  that  span  having  during  the  early  ice 
stage  no  counterbalancing  cantilever  on  its  end,  would,  from  its  design, 
naturally  collapse  in  event  of  losing  the  false-work.  Immediate  attempts 
were  made  to  stiffen  the  trusses  for  such  contingency,  but  the  lower 
works  withstood  the  jamb,  being  held  down  by  the  weight  of  iron- 
work. • 

As  soon  as  safe,  after  enough  weight  of  cantilever  had  been  attached 
to  the  span,  the  removal  of  false-work  was  commenced  at  anchorage 
end.  The  two  upper  tiers  for  about  one  hundred  feet  had  been  sent 
down,  when,  January  24th,  relieved  of  its  superimposed  weight,  the 
lower  tier  for  100  feet  rose  with  the  ice  and  went  out  in  a  body  and 
floated  down  the  river  erect  as  when  in  place.  Finally,  after  floating  in 
a  vertical  position  about  two  miles,  the  mass  collapsed  into  individual 
bents,  in  which  shape  the  timber  was  caught  some  ten  miles  below. 

This  might  have  proved  disastrous  for  the  men,  who  were  all  over  the 
work,  but  the  slowness  and  apparent  deliberation  attending  the  move- 
ments of  the  false-work  gave  time  for  easy  escape,  which  was  effected 
without  casualty. 

February  12th,  false-work  for  240-foot  shore-span  was  begun,  and  on 
the  17tii  erection  of  Kentucky  anchorage-span  commenced.  The  latter 
was  completed  on  the  26th,  and  cantilever  pointing  toward  Indiana  was 
entered  upon.  This  work  was  soon  stopped,  owing  to  delay  in  receijjt 
of  two  eye-bars,  and  the  other  cantilever  api^roaching  this  was  jirojected 
out  as  far  as  possible,  and  on  March  10th  its  traveler  was  removed. 

On  the  same  day  the  false-work  for  240-foot  span  was  completed  and 
floor-raising  was  commenced.  On  the  19th  work  was  again  commenced 
on  cantilever. 

Rough  and  cold  weather  prevented  continuous  or  effective  work 
during  the  remainder  of  the  month,  and  the  river  rose  daily,  until,  on 
April  10th,  it  reached  an  elevation  of  158  feet,  or  but  13  feet  below  the 
highest  known  high-water  mark.  On  this  day  was  celebrated  the  driving 
of  the  last  pin  of  cantilever  system,  and  next  day  the  240-foot  sjDan  was 
swung.  As  fast  as  each  span  had  been  erected  the  wood-work  of  deck 
and  highway,  floors  and  fences,  was  commenced  and  pushed  rapidly. 

The  false-work  for  draw-span  between  260-foot  Indiana  anchorage- 
span,  and  240-foot  shore-span,  was  i^ut  in  up  and  down  stream,  and  was 
finished  April  21.  Erection  then  commenced,  and  was  completed  May 
22d,  and  on  the  26th  the  span  was  swung  around  into  line,  for  the  first 
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time  allowing  foot  passage  from  shore  to  shore.     June  8th  the  laying  of 
railroad  iron  was  commenced  and  finished  on  the  14th. 

On  June  21st  the  bridge  was  completed,  and  next  day  vehicles  passed 
over  for  the  first  time.  On  July  15th  the  formal  test  of  the  structure 
was  made  by  running  over  the  sjians  with  as  nearly  the  specified  loads 
as  i^ossible  to  obtain,  these  loads  being  so  placed  as  to  produce  the  con- 
ditions which  the  original  calculations  had  shown  would  give  the 
greatest  stresses.  Deflections  were  observed  by  taking  sights  with  Y- 
levels  placed  on  the  piers  on  level  rods  held  at  critical  points.  These 
observations  were  subsequently  compared  with  levels  taken  after  all 
loads  had  been  removed,  and  deflections  thus  ascertained.  A  record  of 
results  obtained  will  be  presented  to  the  Society  in  a  future  communi- 
■cation. 
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The  following  table  gives  results  of  a  series  of  observations  taken  on 
the  expansion  and  contraction  of  the  openings  in  the  slip  joints  marked 
b,  Plate  XVII,  due  to  effect  of  temperature.  The  measurements  on  the 
iron  were  taken  at  i^oint  marked  x  in  detail  sketch,  and  for  the  wood  at 
opening  in  highway  floor  just  adjacent.  The  floor  is  so  laid  that  the 
sun  cannot  at  any  time  shine  directly  on  the  bottom  chord  where  meas- 
urements were  taken.  A  trap-door  in  the  floor  was  left  over  every  ex- 
pansion joint  to  allow  examination  at  any  time.  The  measurements  were 
all  carefully  taken  by  same  observer,  and  the  same  thermometer  was  used 
throughout.  To  obtain  the  temperature  of  the  iron,  the  thermometer 
was  laid  down,  with  the  bulb  resting  on  the  member,  out  of  the  sun. 
The  air  temperature  was  also  taken  under  the  floor  in  the  shade. 

The  question  of  j^roper  amount  to  allow  in  slotting  stringers  and 
corbels  of  highway  floors,  where  connected  with  the  iron,  was  at  first  a 
vexatious  one,  as  allowance  had  to  be  made  for  520  feet.  These  ob- 
servations were  made  by  direction  of  the  writer  to  determine  Avhether 
the  amount  allowed  was  sufficient;  and  also  to  learn,  if  possible,  if  the 
movement  of  the  iron  under  the  wood  was  perfectly  free. 

As  might  be  anticipated,  the  expansion  shows  itself  at  the  openings 
in  sudden  slips,  and  from  the  results  of  observations  there  is  little  doubt 
that  considereble  bending  sidewise  sometimes  occurs,  due  to  fi'iction 
somewhere  before  the  movement  takes  place.  As  a  matter  of  fact  the 
writer  Has  had  the  slip  take  place  under  the  rule,  being  perfectly  per- 
ceptible, and  to  the  extent  of  --^.t  inch. 

The  results  show  quite  clearly  that,  owing  to  circumstances  of  jjosi- 
tiou  of  sun  with  reference  to  the  two  trusses,  the  one  expands  more  or 
less  than  the  other,  and  it  is  also  interesting  to  calculate  the  difference 
in  deflection  of  the  trusses  under  the  varying  circumstances,  as  may  be 
easily  done  from  the  expansions  and  contractions,  as  shown  in  the  table. 
Of  course  there  are  some  variations  from  results  to  be  anticipated,  but 
the  state  of  the  weather  would  govern  in  some  cases,  and  the  unknown 
friction  in  some  others. 

The  distance  between  fixed  points  is  360  feet  plus  480  feet,  or  840  feet, 
and  the  expansion  takes  place  at  both  points  b,  sometimes  more  in 
one  and  sometimes  more  in  the  other,  so  that  only  the  totals  give  the  ab- 
solute expansion  for  the  whole  distance  between  fixed  points. 
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Table  of  Expansions  and  CoNTEAcriONs  Due  to  Csanges  in 

Temperature. 
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Stress  Sheet  Tables  to  Accompany  Stress  Diagrams  Plate  XVII I. 

— MATEEiAii,  Steel. 


IGOfoot  Cajitilevek. 
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L's  4  X  4  X  49  lbs. 

20  X  4. 

L's  4  X  4  X  33  lbs. 

20  X  ,\. 

L's  3  X  3  X  21  lbs. 

12  X  i^fi. 

L's  21  X  2.',  X  A. 

bars  7    X  1.^. 

"     T    X  \\\. 

"     6    X  Ij. 

"  6  X  n. 

"     '•     X  11,1. 

"  6  X  n. 

"     5    X  \\\. 

■■  Hx  n- 
"  ^  X  ii'e. 

15  X    ".. 

L'.s  3  X  3  X  21.5  lbs. 

15  X  1^6. 

L's  3  X  3  X  18  lbs.  ' 

15  X  3. 

L's  3  X  3  X  21.5  lbs. 

15  X  1^,3. 

L's  3  X  3  X  i-jj. 

14  X  ,%. 

L's2i-  X  21  X  17.5  lbs. 

14  X  Vo- 
l's 2i  X  2.1;  X   i\. 
12  X  i=„. 

L's  2^^  X  2J  X  15  lbs. 

15  X  i. 

L's3  X  3  X  30.5. 
bars  3.V  X  |. 
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360  FOOT  Span. 


Member. 


Top  chord 


Bottom  chord . 


Web 


Mark. 


Required 
section. 


u«    u« 


L., 


L, 

L. 

L, 

L,> 

Lo 

1^8 

1^8 

L9 

M, 

1: 

M, 

L„ 

Uo 

M, 

M; 

Ls 

Us 

M„ 

Lo 

M, 

M, 

u. 

L= 

M, 

M, 

u. 

L. 

M. 

M,, 

Uo 

Lo 

M, 

M, 

u. 

Suspenders 


L„      M„ 

L„      M.. 
Etc. 


71.93 

66 .1 

63.32 

62.72 

62.4 

80.3 

73.3 
08.1 

66.89 
66.04: 

57 
'25.6 

22.3 

21 

17.64 

17.0 

14.45 

14 

14.7 

33.7 

28.86 

27.3 

23.1 

21.7 

10.7 

15.1 

15.8 

14,1 
0.2 

0.2 


Material  used. 


1  24  X  |. 

2  18  X  |. 

2L's  3  X  3  X  3. 

2  L's  4  X  4  X  |. 

2  bars  7  X  ik. 

2      "    7  X  l/„. 

Same  plates  and  angles. 

2  bars  OX  1  i. 

2    "OX  i;^;. 

124  >    i. 

2  18  X  ^ 

21's3  X  3  X  3, 

2  h's  4  X  4  X  41  lbs. 

2  bars  6  X  Ig. 

1  24  X  J. 

2  18  X  1. 

2  L's  3  X  3  X  i. 
2L's4  X  4  X  37.6  lbs. 

1  24  X  i. 

2  18  X  i. 

2  L's  3  X  3  X  |. 

2  L's  4  X  4  X  36  lbs. 

4  20  X  i. 

4L'84  X  4  X  50.7  lbs. 

2  20  X  ;. 

2  20  X  :\ 

4L's4  X  4  X  45.8  lbs. 

4  20  X  j. 

4Ls4  X  4  X  45.2  lbs. 

4  '.iO  X  -. 

4  L's  4  X  4  X  42  lbs. 

4  2U  X  j. 

L's  4  X  4  X  42  lbs. 

4  bars  0  X  li, 

2     "      5  X  1}. 

2     ■'      S.-l,'^,. 

4     "      5   X  li. 

4     •'      5X1,V 

2  12     ■  ,',. 

4  L's  3  X3  X  56. 5  lbs. 

2  12  ''■''   '  , 

4  L's  3  X8X22.51bs. 

2  12  ^-    -. 

4L'-e2,rx2^  X  lilb.s. 

2  12    ■     ^ . 

4L's2^'x2iX  IT  lbs. 

2  12   ..  if. 

4  L's  2^  X  2i  X  i'«. 

2  10  .:|. 

4L's4  X  4  X  34.2  lbs. 

2  16   ■    \. 

4  L's  4  X  4  X  32  lbs. 

2  15  V  ,«,. 

4  L's  3  V  3  X  26  lb8. 

2  15  >    1'',. 

4  L's  3  X  3  X  25  lbs. 

2  15   ■    ,'«. 

4  L's  3  X  3  X  21.5  lbs. 

2  15  "•'    ^  . 

4L's3  X3X18.31bs. 

2  14N    h- 

4  L's  3  X  3  X  I'o- 

2  14  X.  A. 

4  L's  3  X  3  X  1^0. 

2  12  X  ,^«. 

4  L's  21  X  2i  X  10.5  lbs. 

2  bars  3^  X  \. 


MOULTON    ON    KENTUCKY   AND    INDIANA    BRIDGE. 

260-FOOT  Cantilever. 
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Member. 


Pier  ijost. . 
Top  chord . 


Bottom  chord. 


Web 


End  post. 


Mark. 

Required 

Material  use 

section. 

Sq.  inches 

Lo 

u„ 

77.4 

2  36  X  ij. 

4  L's  4  X  6  X  70  lbs. 

u„ 

U2 

74.0 

2  bars  7  X  1^. 
2     •■      7  X  2. 
2     "      7  X  l§i. 

u. 

U4 

68.4 

2     "      7  X  If. 
2     "      7X1  f,. 
2     "      7  X  l{i. 

u. 

Ue 

64.1 

1  24  X  U- 

2  16  X  1. 

2  L's  3  X  3  X  i. 
2  L's  4  X  4  X  ii. 

Ua 

Us 

61.7 

1  24  X  ^ 

2  16  X  |. 

2  L's  3  X  3  X  h. 

2  L's  4  X  4  X  51  lbs. 

Us 

D9 

70.0 

1  24  X  §3. 

2  16  X  |. 
2  16  X  ^%. 

2  L's  3  X  3  X  k. 

2  L's  4  X  4  X  38.5  lbs. 

u« 

U,o 

69.2 

124  X  1 

2  16  X  |. 

2  L's  3  X  3  X  J . 

2L's4  X  4  X  38.5  lbs. 

u,„ 

u„ 

48.75 

1  24  X  ^ 

2  16  X  2. 

2  L's  3  X  3  X  f. 
2  L's  4  X  4  X  /o- 

u„ 

u,. 

35.1 

1  24  X  /„. 

2  16  X  ,'„. 

2  L's  3  X  3  X  3. 
2  L's  4  X  4  X  j^e- 

L„ 

L, 

81.3 

6  20  X  -h. 

4L'84  X  4  X  53.3  lbs> 

L. 

L4 

75.3 

4  20  X  IJ. 

4L's4  X  4  X  50.8. 

4  20  X  i. 

L, 

Lo 

67.9 

4L's4  X  4  X  44.8  lbs. 

Lc 

Ls 

63.9 

2  20  X    9,. 

2  20  X  i 

4L's4  X  4  X  53.5  lbs. 

1^8 

L9 

•       66.0 

4  20  X  ,^3. 

4  L's  4  X  4  X  53  lbs. 

1^. 

Lio 

53.8 

2  20  X  \l 

4  L's  4  X  4  X  53  Ibn. 

L,o 

Lii 

44.0 

2  20  X  i. 

4  L's  4  X  4  X  35  lbs. 

Lii 

Lia 

30.3 

2  20  X  \?,. 

4  L's  4  x"  4  X  35  lbs. 

L,. 

La  3 

23.8 

2  20  X  ^. 

4  L's  3i  X  3i  X  22  lbs. 

u„ 

M, 

20.47 

2  bars  7  X  IJi. 

M, 

L 

18.85 

2     ■■      7  X  111. 

u. 

M3 

18.02 

2     "      6  X  1^. 

M, 

l! 

16.63 

2     "      6  X-lij. 
2     "      5  X  l|. 

LU 

M3 

15.0 

M, 

La 

14.0 

2     "      5  X  ly. 

u« 

M, 

11.9 

2     "      5  X  1,%. 

M, 

L, 

11.3 

2     "      5  X  1|. 

u„ 

K 

8.65 

2     ••      4  X  1^. 

U9 

L.: 

8.93 

2  10  X  ,%. 

4  Ls  2L  X  2}  X  ,»s. 

u,„ 

Lii 

10.64 

2  10  X  ,\. 

4  L's  2i  X  2i  X  A- 

Uix 

Lio 

15.54 

2  13  X  i\. 

4L'83  X  3  X  18.5  lbs 

U,„ 

L,„ 

12.33 

2  11  X  ,%. 

4  L's  2i  X  2^  X  i=j. 

u,.. 

Ll3 

39.1 

1  21  X  |. 

2  16  X  I'g. 

2  L's  3  X  3  X  ,v,- 

2L's4  X  4  X  35.4  lbs. 
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260-FOOT  Cantilevee— (ConhMued.) 


Member. 


Web 


Anchor  rods. 


Mark. 


Lo 

M, 

Sq.  inches. 
22.0 

M, 

V, 

16.8 

L, 

M, 

18.1 

M3 

U4 

U.S 

L, 

M„ 

15.7 

M, 

u. 

12.4 

Lc 

M, 

11.0 

M, 

u. 

10.1 

Ls 

u„ 

8.6 

L. 

u,„ 

9.7 

L.o 

u„ 

11.0 

L.i 

U12 

12.8 

Required 
section. 


Material  used. 


2  15  X  "'. 

4  L'e  3  X  3  X  27  lbs. 

2  15  X  |. 

4  L's  3  X  3  X  1%. 

2  13  X  I 

4  L's  3  X  3  X  22.8  lbs. 

2  13  X    ^  . 

4  L's  3  X  3  X  18  lbs. 

2  12  X    ^  . 

4  L'8  2.v'x  2i  X  20.5  lbs. 

212XV0. 

4  Ls  2'  X  2^  X  ,=;• 

2  11X",'i3. 

4  L's  2^  X  2i  X  ,»j. 

2  11  X    ■',. 

4  L's  2 \  X  2i  X  ^%. 

4  2i  X  2i  X  i=«. 

2  10  X  ,\. 

4  L's  2i  X  2^  X  i%. 

2  10  X\\. 

4  L'S  2i  X  2.J  X  ,%. 

2  11X",»3. 

4  L's  2 J  X  2i  X  ili. 

4  bars  '2-iuch  square  iron. 


365-FOOT  Draw  Span. 


Top  chord. 


Bottom  chord. 


nVeb 


£ud  post... 
■Suspender  . 
Web 


Suspender  . 


L, 


u,    u„ 


u„ 

U, 

u. 

u„ 

L„ 

Lo 

Lo 

L, 

L. 

Li 

L4 

L5 

r^r. 

I'^ 

l^n 

L. 

L, 

L, 

Lh 

L„ 

Uo 

i^o 

u„ 

M, 

M, 

L., 

U„ 

M, 

M, 

L. 

Ua 

l^r. 

Ua 

1^» 

Ue 

Lb 

L,, 

M, 

M, 

U, 

L,      M^ 
M3     U, 


M, 


26.86 

2  bars  5  X  Ij;. 

2     •<     5  X  1,%. 

25.08 

4     "     5  X  1^. 

22.1 

2  14  X  ,\. 

4L*s3  X  3  X  25.3  lbs. 

25.83 

2  14  V  -l 

4  L's  3  X  3  >   30  lbs. 

26.03 

2  14  X  i. 

4  L's  3  X  3  X  30  lbs. 

21.98 

2  14  X  ^ 

20.07 

4  L's  3  X  3  X  25  lbs. 

30,0 

2  14  X  A 

29.1 

4  L's  3.V  X  3^  X  |. 

2  14  X  s- 

22.4 

4L's3  K  3  X  29.8  lbs. 

23.78 

2  14  X  s. 

4L'33  X  3  X  32.2  lbs. 

21.68 

2  14  X  i]. 

21.15 

4  L's  3  X  3  X  28  lbs. 

14.26 

2  14  X  h 

12.01 

4  L's  3  X  3  X  j%- 

37.4 

2  18  X  i. 

4  L's  4  X  4  X  48.5  lbs.  iron 

15.67 

2  bars  5  X  1 1\ 

14.85 

2     "      4X1. 

13.70 

2     "      5  X  Ijj. 

11.67 

2     '•      5  X  1,V 

7.88 

2     "     4X1 

26.2 

2  34  X  A. 

4L's3  X  3X  30.5. 

6.12 

2  bars  4  X  1. 

2  12  X  3. 

IC.O 

4L's2i  X  2i  X  17.7. 

12.32 

2  12  X  ,^^. 

4  L's  2J  X  2i  X  A- 

13.47 

2  11  X  ,\ 

4L's2.i  X  2i  X  16.6  lbs. 

11.85 

2  11  X  ,"„. 

4  L's  2.1  X  2,1,  X  A- 

6.12 

2  bars  4X1. 

6.12 

2     ••      4  X  1. 
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240-FOOT  Span. 


Member. 


Top   chord . 


Bottom  chord. 


End  Post. 


Web 


Mark. 


v.    u„ 


L„ 


L., 

Lb 

M, 


M,      U, 


U„  M3 

m;  l, 

L,  M, 

L„  M„ 

l;  m; 


Required 
section. 


Sq.  inches. 
32.5 


40.0 


22.64 

25.9 

34.0 

37.7 


34.2 


11.7 
10. 0 
6.06 
6.06 
6.06 


Material  used. 


1  22  X 

2  15  X 
4L'9  4 

1  22  X 

2  15  X 
4  L's4 
4  bars 
4     " 

4  " 
2     " 

1  22  X 
•2  15  X 

2  L's  4 
2Ls4 

1  22  X 

2  15  X 
4  L's  4 
2  bars 
2     " 

2  " 
2  " 
2     " 


X  4  X  33  lbs. 


X  4  X  30.4  lbs. 
5  X  li. 
5  X  l/„. 
5  X  lA. 
5  X  1. 


X  4  X  28.6  lbs. 
X  4  X  34.2  lbs. 


160-rooT  Suspended  Span. 
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StJilMARY   OF   ACTCAI    CoST    OE    COMPLETED   BeIDGE. 

Pier  No   1,  cylinder  pier Si  1  040.27 

"        9,  "  19  221.57 

Piers  No.  2  to  8,  inclusive,  masonry  piers — 

Estimates  paid — stone $79  349 .  54 

"  freight  on  stone 24  602.68 

laying  masonry 85  253 .  21 

and  Bridge  Company's  pay- 
rolls, foundations 53  385 .  62 


.^242  591.05 
Bridge  Comjiany's  labor  and  general  expense, 

net 22  846.98 


265  438.03 


Total  substructure S295  699.87 

"      superstructure,  net 577  200 .00 


cost  (engineering  not  included) S872  899.87 


Total  number  cubic  yards  masonry  =  16  240. 

Total  cost  of  masonry  per  cubic  yard  in  place,  $11.67. 

Shipi^ing  weights  of  superstructure  metal  as  follows,  viz. : 

Iron,  pounds.  Steel,  pounds. 

Two  cantilevers  260  feet 508  760  898  756 

Two  cantilever  spans  480  and  483  feet 782  822  11 23  222 

One  supporting  span  360  feet 337  783  884  214 


Total  cantilever  system  1  843  feet 1  629  365 

One  draw  span  above  table 354  074 

Turn-table 176  625 

One  span  238  feet 256  826 

Cylinder  pier  bracing  and  miscellaneous 27  880 


2  906  192 

211  663 

855 

183  746 

72  248 

Total,  not  including  engine  and  cast-irou  orna- 
ments      2  444  770       3  374  704 
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The  engineering  organization  from  beginning  to  the  completion  of 
strncture  was  as  follows: 

President Bennett  H.  Young. 

Chief  Engineei' John  MacLeod. 

Resident  Engineers. 

Pbeliminary  Sxjkvexs  and  Location. — Mace  Moxjlton,    April    10th, 

1881,  to  June  2d,  1881. 
Substructure. — Mace  Moulton,  October  10th,  1881,  to  May  15th,  1882. 

Work   suspended. 

H.  P.  McDonald October  1st,  1883,  to  February  1st,  1884. 

C.  A.  Brady July  1st,  1884,  to  June  6th,  1885. 

Assistant  Engineer. 
■     J.  K.  ZoLMNOER October  10th,  1881,  to  June  6th,  1885. 

Superstructure. 

Chief   Assistant   Ejigineer. —  Mag-e    MouiiTON,  February    16th,   1885,  to 

July  15th,  1886. 
Assistant  Engineer  on  Calculations. — J.  W.  Schaub. 

Inspecting  Engineers. 

Material. — H.  Goldmark,  Cambria  Iron   Company  and   Pennsylvania 

Steel  Company. 
"  G.  W.  G.  Ferris,  Carnegie  Brothers  &  Co. 

Workmanship  AND' Material. — W.  H.Breithaupt,* Athens  Shop. 

"  *'  W.  R.  Webster,  New  Jersey  Steel  and 

Iron  Company's  Shoi). 

Bridge  completed  July  15th,  1886. 


The  following  illustrations  are  given  herewith. 
Plate      XIII.     The  structure  completed. 

"         XIV.     Map  showing  location  of  bridge. 

*■'  XV.     Rise  and  fall  of  Ohio  River  at  bridge  site. 

"         XVI.     Original  design  by  C.  Shaler  Smith,  and  final  design 

by  Charles  Macdonald  and  Edward  Hemberle. 
"       XVII.     Erection  devices  for  joining  cantilevers. 
""     XVIII.     Stress  diagrams. 
"         XIX.     Cross  section  of  floor. 

"  XX.     Posts  made  from  tension  and  compression  steel. 

*■'■       XXI.     The  structure  in  progress. 
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APPENDIX. 


EXTRACTS   FROM   SPECIFICATIONS. 

Geneeai,  Description. 

The  total  length  of  bridge  will  be  2  453  feet  center  to  center  of  abut- 
ment. 

The  length  of  the  different  spans  is  given  below,  c  immencing  at  the 
Kentucky  shore.  Center  to  center  of  piers. 

Shore  span 260  feet. 

Span  over  canal 483     ' ' 

Sand  Island 360     " 

"  main  river 480     " 

260     " 

Draw  span,  total  length 370     " 

Indiana  shore  span 240     " 

Total  length 2  453  feet. 

The  structure  will  be  built  for  a  single  track  railroad,  two  (2)  road- 
ways not  less  than  ten  (10)  feet  wide  in  the  clear,  and  two  (2)  sidewalks 
each  four  (4)  feet  in  width  in  the  .clear. 

The  railroad  track  to  be  jilaced  in  the  center  between  the  two 
trusses;  one  roadway  on  the  outside  of  each  truss,  supported  upon  jjro- 
jecting  brackets;  and  the  sidewalks  one  on  either  side  of  the  railroad 
track  and  inside  the  main  trusses. 

The  clear  width  between  trasses  shall  not  be  less  than  twenty-two 
(22)  feet. 

There  will  be  substantial  wooden  hand-rails  on  the  outer  line  of  the 
roadways,  and  between  the  sidewalks  and  the  railroad  track,  and  close 
wooden  partitions  eight  (8)  feet  high  between  the  sidewalks  and  the 
roadways. 

The  entire  superstructure  will  be  of  wrought-irou  and  steel,  witli  the 
exception  of  the  roadway  and  sidewalk  floors,  and  the  ties  and  guard- 
rails for  the  railroad,  which  will  be  of  timber,  as  below  indicated. 
Steel  will  be  used  for  top  and  bottom  chords,  end  braces,  j^ins,  bearing 
plates  and  rollers.  Longitudinal  stringers  to  be  of  Southern  pine,  7  by 
16  inches,  spaced  about  two  feet  apart. 

Lower  floor  of  roadway  to  be  3-inch  oak. 

Upper  floor  of  roadway  to  be  2-inch  spruce. 

Floor  of  sidewalks  to  be  2-incli  Southern  pine. 

Ties  to  be  white  oak. 
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Guard-rails  to  be  yellow  pine. 

Cast-iron  may  be  used  for  the  construction  of  the  ceater  circular 
track,  wheels,  etc.,  of  the  turn-table  of  the  draw. 

Propoktion  of  Parts  and  Details  of  C<">nstruction. 

The  bridge  will  be  proportioned  to  carry,  in  addition  to  its  own 
weight,  the  following  moving  loads,  viz. : 

For  railroad  traffic,  a  train  of  freight  cars  weighing  2  240  pounds  per 
foot  and  drawn  by  two  (2)  standard  consolidation  locomotives  weighing 
57  tons  each;  and  for  the  roadway  and  sidewalk  traffic,  1  200-  pounds 
per  lineal  foot  of  bridge. 

Engine.  Tender.  Tp.ain. 


g888§  8Sog       2  2i0  pounds  per 

Load,  pounds....      ^        ^        ^         ^         -^  o=di=o  'oo*^- 

.H  Cl  Cl  Cl  C-l  ^^  ^-1  r^  r-f 

!         I         I         I         I  I         I         I         I 

Feet 7'6"     4'6"   4'0"    4'6"    10'6"        5'0"   5' 6"    6' 0"     8' 0" 

Engine.  Tender.  Tkain. 


o 


3         o       2  240  pounds  per 
Load,  pounds ^l^^^!:;!!^  SSS^c  ^'oot. 

I  I  I  I  I  I  I  !  I  I 

Feet 7'6-'    4'6"     l' 6"   4'6"     l(r6"      5'0"    5' 6"     5' O"         3' 0" 

This  moving  load  of  engines  and  train  of  loaded  cars  being  distrilfuted 
as  show  in  the  foregoing  diagram,  and  considered  in  positions  and  con- 
ditions giving  the  greatest  results. 

To  provide  for  the  effect  of  impact,  all  such  parts  of  the  structure  as 
are  liable  to  be  subjected  to  sudden  strains  or  vibrations  shall  be  cal- 
culated with  additions  to  the  above  specified  rolling  load  as  follows: 

Per  cent. 
rioor-beam  hangers  and  riveted  connections  of  string- 
ers and  floor  beams 100 

Floor-beam  vertical  suspenders  over  15  feet  long 50 

Stringers,    floor    beams    and    members    subjected    to 

counterstrain  25 

The  maximum  and  minimum  stresses  in  compression  and  tension,  as 

found  for  the  before  mentioned  loads,  with  a  factor  of  safety  of  not  less. 

than  five,  are  to  be  used  in  determining  the  permissible  working  stress 

in  each  piece    of   the  structure  according  to  Launhardt's  formula,  as 

follows: 

/  minimum  stress  in  member  \ 

\  2  maximum  stress  in  member/ 
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In  the  above  formula  Pounds  per  square  inch. 

a  =  permissible  stress  per  square  inch  for  double 

refined  iron  in  tension  (links  or  I'ods)    9  000 

u  =  for  double  refined  steel  in  tension 14  000 

u  =;  for  rolled  iron  in  tension  (plates  or  shapes)    .  8  500 

n  =  for  rolled  steel  in  tension 14  000 

tc  =  for  rolled  iron  in  compression 7  500 

u  ^=  for  rolled  steel  in  compression 13  000 

The  permissible  stress  per  square  inch  for  members  in  compression 
is  to  be  reduced  in  proportion  to  the  ratio  of  the  length  to  the  least 
radius  of  gyration  of  the  section,  by  the  following  formula: 

a 
For  both    ends    fixed,    ^    =  -,     ,  ^' 

"^  40  000  r- 
a 
For   one   end    jointed,    i  =  l- 

'^  30  000  r^ 
n 
For  both  ends    jointed,  b  =  P 

"^  20  000  r' 
"When  a  =  permissible  stress  previously  found. 

b  =  the  allowable  working  stress  per  squai-e  inch. 
*    Z  =  length  of  piece  in  inches  center  to  center  of  connections. 
r  =  radius  of  gyration  of  the  section  in  inches. 

To  provide  for  wind  strains  and  vibration,  the  bottom  lateral  brac- 
ing shall  be  proportioned  to  resist  a  force  at  right  angles  to  the  axis  of 
the  bridge  equivalent  to  450  pounds  per  foot  of  span.  For  toiJ  lateral 
bracing,  150  pounds  per  foot  of  span. 

The  i^ermissible  working  strains  in  the  lateral  bracing  as  determined 
by  the  above  assumption,  may  be  50  per  cent,  greater  than  the  values 
determined  by  the  formula  for  loads  as  previously  given.  But  in  no 
case  shall  any  lateral  or  diagonal  rod  have  a  less  area  than  three  fourths 
of  a  square  inch. 

The  unsujiported  width  of  any  plate  subjected  to  compression  shall 
never  exceed  thirty  times  its  thickness  ;  nor  shall  any  plate  be  less  than 
five-sixteenths  of  an  inch  thick. 

The  sections  of  top  chords  shall  be  connected  at  all  abutting  joints 
by  splices  suflicieut  to  hold  them  truly  in  position. 

In  rolled  I  beams  the  compression  per  square  inch  in  the  comiDres- 
sion  flanges  must  not  exceed        10  000 

^  +  5000l>^ 
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In  riveted  girders,  8  000 

1+       ^ 


5  000  h-'- 

Wliere  I  =  length   of  imsupported   compressed   flange   in   inches,  h  = 
breadth  in  inches  of  the  comi^ressed  flange. 

The  shearing  strain  per  square  inch  of  I  beams  and  girders  must  not 
exceed  8  000 

1+      f« 


3  000  t- 

Where  d  =  distance  between  flanges  or  stifi'eners  measured  on  a  line 
inclined  45  degrees,  and  t  =  thickness  of  web  in  inches. 

The  shearing  strain  on  wrought-iron  pins  miist  not  exceed  7  000 
pounds  per  square  inch,  nor  on  steel  pins  10  000  pounds  per  square 
inch. 

The  strain  on  extreme  fibers  caiised  by  bending  must  not  exceed 
15  000  pounds  per  square  inch  for  wrought-iron,  nor  20  000  pounds  per 
square  inch  for  steel  pins,  the  forces  being  considered  as  applied  at 
center  of  bearing,  each  surface.  The  bearing  strain  on  an  area  equal  to 
the  diameter  of  the  pin  multiplied  by  the  thickness  of  the  head  must  not 
exceed  12  000  pounds  per  square  inch  for  wrought-iron,  nor  18  000 
pounds  per  square  inch  for  steel  pins. 

The  shearing  strain  on  rivets  must  not  exceed  7  000  pounds  per 
square  inch  if  of  wrought-iron,  nor  10  000  pounds  per  square  inch  if  of 
steel.  The  bearing  strain  on  the  surface  of  rivets  (diameter  of  rivet 
multiplied  by  thickness  of  plate)  must  not  be  more. than  10  000  pounds 
per  square  inch  if  of  wrought-iron,  nor  more  than  15  000  poiands  per 
square  inch  if  of  steel,  for  all  rivets  used  in  bearing  and  splice  plate?. 
For  rivets  in  all  other  positions  a  maximum  bearing  strain  of  12  000 
pounds  per  sqixare  inch  if  of  wrought-iron,  and  18  000  pounds  per 
square  inch  if  of  steel,  will  be  allowed.  Kivets  will  not  be  used  where 
they  may  be  subjected  to  tensile  strain.  No  allowance  will  be  made  for 
countersunk  rivets  when  countersink  is  in  a  plate  less  than  J  of  an  inch 
thick. 

The  heads  of  eye-bars  must  not  be  inferior  in  strength  to  the  body  of 
the  bar.  The  form  of  the  head  and  the  mode  of  manufacture  shall  be 
subject  to  the  approval  of  the  engineer. 

In  compression  members  the  distance  from  center  to  center  of  rivets 
must  not  exceed  six  inches,  or  sixteen  times  the  thickness  of  any  of  the 
joined  plates,  and  the  pitch  of  rivets  for  a  distance  of  two  diameters  from 
the  ends  shall  be  four  times  the  diameters  of  the  rivets;  but  in  no  case 
shall  the  pitch  of  the  rivets  be  less  than  four  times  the  diameters  of  the 
rivets. 

The  sectional  area  of  rivets  in  one  segment,  in  the  distance  of  two 
diameters  from  the  end,  must  not  be  less  than  the  sectional  area  of  the 
segment. 
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Where  columns  composed  of  two  segments  latticed  are  used,  the 
number  of  rivets  in  end  tie-plates  shall  be  sufficient  to  transfer  one-half 
of  the  strain  coming  on  the  column  across  from  one  segment  to  the  oppo- 
site segment  indei)endent  of  the  lattice. 

All  segments  must  be  of  one  length,  without  break,  whenever  practi- 
cable. For  trough- shajjed  columns  the  number  6f  rivets  in  lower  tie- 
plate  shall  be  suflScient  to  transfer  one-fourth  of  the  strain  coming  on 
the  column. 

Where  lattice-work  is  used,  the  angle  of  the  lattice  bars  with  center 
line  of  the  member  shall  be  about  forty-five  degrees.  The  size  of  the 
bars  shall  be  proisortioned  to  the  width  of  the  members  and  the  strain 
to  which  they  may  be  subjected. 

The  distance  between  the  edge  of  any  piece  and  center  of  rivet-hole 
mixst  never  be  less  than  one  and  one-fourth  inches,  except  in  bars  less 
than  two  and  one  half  inches  wide;  where  practicable  it  shall  be  at  least 
two  diameters  of  rivets. 

When  plates  more  than  twelve  inches  wide  are  used  in  the  flanges  of 
riveted  girders,  an  extra  line  of  rivets  with  a  pitch  of  not  less  than  nine 
inches  shall  be  driven  along  each  edge  to  draw  the  plates  together  and 
l^revent  entrance  of  water. 

All  joints  in  riveted  girders,  whether  in  tension  or  compression,  must 
be  fully  sjiliced,  as  no  reliance  will  be  placed  on  abutting  joints.  The 
ends  however  must  be  dressed  straight  and  true,  so  as  to  leave  no  open 
joints.  The  web  of  plate  girders  must  be  spliced  at  all  joints  by  a  plate 
on  each  side  of  the  web. 

The  diameter  of  rivets  will  ordinarily  be  three-fourths  or  seven- 
eighths  inch. 

Floor-beam  suspension  bars  are  to  be  so  arranged  by  means  of  equal- 
izers, or  otherwise,  as  to  secure  equal  strains  on  all  links  supporting  the 
same  floor  beam. 

Rods  with  screw  ends  shall  be  upset  at  the  ends  so  as  to  make  the 
diameter  at  the  bottom  of  the  threads  one-eighth  inch  larger  than  any 
part  of  the  body  of  the  bar.  The  nuts  must  have  a  true  and  square 
bearing  on  the  surface  they  rest  upon,  be  easily  accessible  with  a  wrench 
for  the  purpose  of  adjustment,  and  be  effectively  checked  after  the  final 
adjustment,  as  also  all  pin  nuts. 

There  must  be  a  bearing  plate  or  box  of  approved  form  under  both 
ends  of  all  spans  of  sufficient  depth  to  distribute  the  weight  proi^erly  on 
masonrj.  These  plates  must  be  of  such  dimensions  that  the  greatest 
pressure  upon  the  masonry  will  not  exceed  200  pounds  per  square  inch. 

All  deck  and  through  si)aus,  excepting  the  channel  span,  must  have 
at  one  end  nests  of  turned  friction  rollers  of  steel  running  between 
planed  surfaces.  The  rollers  must  not  have  less  than  three  inches  diam- 
eter, and  shall  be  so  proportioned  that  the  pressure  in  pounds  i^er  lineal 
inch  of  rollers  shall  not  exceed  y^  5-LO  000  (/  {d  being  the  diameter  of 
the  rollers  in  inches). 
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All  spans  must  be  sufficiently  anchored  to  the  masonry  to  resist  dis- 
placement by  the  strongest  wind  specified. 

All  connections  and  details  of  the  several  parts  of  the  structure  shall 
be  of  such  strength,  that  upon  testing,  rupture  shall  occur  in  the  body 
of  the  members  rather  than  in  any  details  or  connections. 

All  surfaces  not  in  contact  with  other  surfaces  must  be  accessible  to 
inspection,  cleaning  and  painting  after  erection.  No  closed  work  will 
be  allowed  in  the  structure. 

Matekials, 

Steel. — The  steel  shall  be  manufactured  by  the  open-hearth  process; 
Bessemer  steel  will  not  be  accei^ted.  A  sample  bar  three-quarters  of  an 
inch  in  diameter  shall  be  rolled  from  every  melt;  if  this  bar  fails  to 
meet  the  requirements  of  the  laboratory  tests  the  whole  charge  shall  be 
rejected. 

Steel  used  in  compression  members,  bolsters,  bearing  plates,  pins 
and  rollers  shall  contain  not  less  than  iVir  nor  more  than  -jVo  oi  one  per 
cent,  of  carbon,  and  less  than  one-tenth  per  cent,  of  phosj^horus.  A 
sample  test  bar  three-quarters  of  an  inch  in  diameter  shall  bend  180 
degrees  around  its  own  diameter  without  sign  of  crack  or  flaw.  The 
same  bar,  tested  in  a  lever  machine,  shall  show  an  elastic  limit  of  not 
less  than  50  000  pounds  and  an  ultimate  strength  of  not  less  than  80  000 
pounds  per  square  inch;  it  shall  elongate  at  least  15  per  cent,  in  a 
length  of  eight  inches  before  breaking,  and  shall  have  a  reduced  area 
of  35  per  cent,  at  the  point  of  fracture.  It  shall  be  incapable  of  tem- 
pering. 

Steel  for  rivets  and  eye-bars  shall  contain  not  more  than  iVo  oi  one 
per  cent,  of  carbon,  and  less  than  one-tenth  of  one  per  cent,  of  phos- 
phorus. A  sample  bar  three-quarters  of  an  inch  in  diameter  shall  bend 
180  degrees  and  be  set  back  upon  itself  without  showing  crack  or  flaw-. 
When  tested  in  a  lever  machine  it  shall  have  an  elastic  limit  of  not  less 
than  40  000  jDounds,  and  an  ultimate  strength  of  not  less  than  70  000 
pounds  per  square  inch;  it  shall  elongate  at  least  18  per  cent,  in  a  length 
of  eight  inches,  and  shall  show  a  reduction  of  at  least  42  per  cent,  at 
the  point  of  fracture.  In  full-sized  bars  this  steel  shall  have  an  elastic 
limit  of  at  least  35  000  pounds,  and  an  ultimate  strength  of  at  least 
65  000  iJounds  per  square  inch ;  it  shall  elongate  at  least  10  per  cent, 
before  breaking,  and  for  strains  less  than  30  000  pounds  per  square  inch 
shall  show  a  modulus  of  elasticity  between  28  000  000  .and  30  000  000 
pounds. 

Facilities  for  testing  the  sample  bars  shall  be  furnished  by  the 
contractor  at  a  point  convenient  to  the  steel- works,  and  tests  shall  be 
made  at  the  expense  of  the  contractor,  and  under  the  direction  of  the 
engineer.  All  plates  for  this  work  of  both  iron  and  steel  shall  be  rolled 
in  a  universal  mill. 
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Steel  for  ijins  shall  not  be  hammered,  but  rolled  between  gothic 
rolls.  All  rolled  beams,  channels,  bars,  angles,  jilates,  etc.,  must  be 
straight  and  out  of  wind.  Thev  must  be  free  from  flaws,  fins,  blisters, 
seams,  and  cracked  edges.  Angles  and  edges  must  be  sharp  and  well 
filled  out.  Flaws,  surface  imperfections,  or  irregular  shapes  will  be 
sufficient  ground  for  the  rejection  of  material 

Specifications  for  iron  and  timber  are  as  usual  in  first-class  work. 

All  specifications  for  workmanship  as  usual  in  first-class  work;  the 
holes  in  riveted  steel  to  be  punched  iV  inch  smaller  diameter  than 
nominal  diameter  of  rivet  and  then  reamed,  with  edges  of  reamed  holes 
filed  to  take  off  burr  left  by  drill. 

Note. — The  following  changes  and  suiDplementary  requirements 
were  considered  best  bj  the  writer,  and  the  work  was  done  in  accord- 
ance therewith. 

Compression  steel  to  be  used  as  specified,  excej^t  for  pins — lower 
limit  of  carbon  fixed  at  0.28  per  cent. 

Tension  steel  to  be  used  for  eye-bars;  also  for  riveted  members 
subject  to  tension  or  alternate  stresses;  also  for  jjins.  This  grade. was 
not  used  for  rivets;  carbon  limits  changed  to  vary  between  0.18  and  0.28 
per  cent. 

Rivet  steel.  Carbon  not  specified.  Ultimate  strength  to  vary  be- 
tween 58  000  and  65  000  pounds  per  square  inch  with  severe  bending 
and  quenching  tests. 

All  rivet  holes  in  steel  were  reamed  except  those  in  lacing  bars.  All 
plates  were  either  universal  mill  or  groove-rolled  plates.  No  planing 
of  end  of  plates  was  required,  except  where  proper  finish  required  it. 

The  only  case  of  hammering  steel  plate  allowed  was  that  mentioned 
in  "  special  tests." 

Eye-bars  were  made  by  upsetting  and  head  finished  under  the 
hammer. 

Eye-l)ar  heads  proportioned  in  general  with  50  per  cent,  excess 
material  across  eye  when  pin  diameter  equaled  width  of  bar,  the  per- 
centage of  excess  decreasing  as  the  diameter  of  pin  exceeded  the  width 
of  l)ar.  Steel  lateral  bar  uiisets  were  made  with  care,  providing  against 
sudden  changes  in  shape  and  sharp  corners.  Threads  were  cut  with  V 
threads,  with  fillet  at  bottom. 

All  reaming  and  drilling  was  done  with  rigidly -fixed  vertical  drills, 
and  i)arts  riveted  up  without  taking  apart. 

All  ends  of  membei's  where  sheared  or  i)unched  off  for  clearance 
requirements  were  carefully  chipped  so  as  to  leave  no  sharp  re-entrant 
angles. 
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TESTS   ON  MATERIAL   AND  FINISHED   PARTS. 

The  various  records  of  tests  made  on  matei'ial  and  finished  parts  have  been  placed 
by  themselves  iu  order  to  separate  the  descriptive  from  the  special  matter  and  im- 
mediately follow  in  two  classes. 

1st.  Regular  tests  made  to  determine  quality,  with  vievF  to  acceptance  or  rejec- 
tion of  material. 

2d.  Special  tests  made  for  the  purpose  of  determining  questions  arising  during 
the  progress  of  the  work,  or  with  a  view  to  testing  the  soundness  of  prevalent 
theories  as  applied  to  the  material  in  hand. 

REGULAR    TESTS. 

As  vrill  be  seen  from  specification  the  quality  of  tlie  steel  was  to  be  determined 
by  the  tests  on  |"  rounds  rolled  from  ingots.  No  further  provision  was  made 
therein  for  future  rejection  on  score  of  quality,  and  with  this  we  were  obliged  to 
be  satisfied  with  the  finished  eyebar  and  angle  bars  made  at  Johnstown.  How- 
ever, by  courtesy  of  the  Union  Bridge  Company,  extra  lengths  of  angle  bars  and 
extra  bars  of  eyebar  steel  were  ordered  and  test  pieces  cut  therefrom  which  en- 
abled us  to  know  how  the  steel  was  running.  All  tests  given  are  on  steel  accepted, 
except  where  otherwise  noted. 

From  the  start  the  mills  were  notified  that  all  finished  material  must  have  the 
original  heat  number  stamped  or  stenciled  on  in  order  that  future  reference 
might  be  made  to  them.  In  material  rolled  at  Carnegie's,  however,  the  tests  were 
made  on  crop  ends  of  finished  plates  to  determine  state  of  the  material  as  regards 
overheating  in  furnaces  in  which  slabs  were  heated  for  rolling  into  finished  plate. 
Very  few  rejections  occurred,  but  the  series  of  tests  gave  us  satisfactory  assurance 
of  the  excellence  of  the  finished  product. 

I  have  collected  all  tests  made  on  material  from  each  original  heat,  both  f" 
round  from  ingots  and  finished  steel,  so  that  it  may  be  judged  bow  much  or  how 
little  relation  there  may  be  existing  between  the  condition  of  the  two.  The  tests 
recorded  for  plate  steel,  were  made  at  the  Union  Iron  Mills,  Pittsburgh,  and  the 
ingot  tests  at  the  works  of  the  Penna.  Steel  Co.,  at  Steelton,  and  were  all  made 
with  care. 

The  work  done  on  the  test  pieces  at  Steelton  was  as  follows: — 14'  square  ingot 
heated  and  rolled  to  7"  square;  7"  square  heated  and  hammered  to  4"  square;  4" 
square  heated  and  rolled  to  If"  x 3"  square;  this  heated  again  and  rolled  to  f " 
round  test  bar.  This  bar  then  tested  without  machine  finish.  In  all  cases  where 
modulus  of  elasticity  is  recorded,  the  elongations  by  which  it  was  determined 
were  taken  by  an  instrument  with  an  electric  contact  micrometer  reading  attach- 
ment. 

"Work  done  on  plate  material.  Plates  |"  thick  and  under  rolled  from  slabs 
made  4"thick  x  \''  wider  than  finished  plate.  These  slabs  either  hammered  or 
rolled  in  universal  mill  from  ingots.  Plates  over  I"  thick  same,  except  that 
slabs  were  5"  thick. 

Plates  orer  18"  wide  made  from  20"x20''  ingots,  and  for  plates  over  20"  wide  in- 
gots first  spread  under  hammer,  and  then  rolled  to  required  size.  Plate  test 
pieces  planed  from  plates — generally  1"  wide. 
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PLATES  USED    IN  TENSION,  OR  ALTERNATE  TENSION  AND  COM- 
PRESSION,  Vy  INCH  THICK  AND  UNDER. 


-t-3 

c: 

■^  6' 

'46' 

j3 

^ 

o 

0 

c^ 

ten 

HH 

c 

>i^ 

c: 

■_ 

^ 

o 

0 

a. 

3g^ 

s.  s 

1^ 

a 
0 
■a 

0 

*-> 

0 
0 

Kemarks. 

oT 

'ii 

—  —  2-   ."  ^  c 

o3 

be 

B  OS 

^0 

a 
0 

IS 

<3 

C3 

C3 

g 

;:p..^  ^Ph£  C3b 

v< 

5  to 

53 

o 

4528 

m 

<! 

M          P 

24.0 

53.0 

« 

0 

!^ 

6/11 

15X% 

.4821 

47.080  72.910 

180°  round    J^" 

(t 

12XVi6 

.42.'j0 

43.9.50 

73.5.30  25.0 

,55.0 

a 

5/26 

I  t 

12X% 

.3342 

.50.000 

74.000 

22.0 

.57.7 

*l 

(( 

12XVi6 

.3913 

43.730 

73.240 

24.0 

48.3 

7/29 

(( 

12x5^ 

.3805 

51.328 

75.530 

23.8 

55.3 

From 

4/20 

(( 

%  round 

50.066 

74.266 

24.3 

.52.9 

14"X14"    Ingot 

.21 

.71 

fci 

(w 

^^    tt 

49.040 

74.020  25.0 

51.9 

tl 

tt 

t. 

«i 

t( 

tt 

46.130 

71.290 

24.1 

57.4 

tt 

No.  1 

tl 

Test  piece  annealed. 

5/ 

(( 

tt 

55.600 

78.700 

25  0 

.53.3 

20"X20"  Ingot 

.25 

4( 

(( 

tt 

.54.270 

78.500 

25.0 

55.3 

No.  1 

" 

l( 

<t 

tt 

51.0711 

74,070 

25.0 

58.2 

No.  2 

.22 

'i: 

tl 

tt 

51.. 560 

74.700 

25.7 

.55.5 

t                         tt 

tt 

4( 

tt 
<  t 

53.490 
.52.570 

76.070 
74.770 

25.5 
26.0 

58.6 
59.0 

t 

No.  3 

t                         tt 

.21 

tt 

C( 

It 

t( 

47.320 

72.180 

25.5 

.55.5 

I 

No.  4 

.22 

It 

tl 

tt 

46.. 500 

72.1.50 

27  258.6 

t                        <■*. 

tt 

(t 

tt 

tt 

It 

46.370 
46. ISO 

73.5.30 
73.7.^.0 

24.0  52.7 

27.0;.58.8 

No.  5 

.21 

tt 

ti 

1 1 

1 1 

47.420 

72.1.30 

27.0.55.5 

No.  6 

.21 

-41 

tt 

tt 

47.960 

70.360 

26.5,56.5 

t                            kt 

tt 

5/8 

4536 

12X% 

!3249 

46.170 

78.180 

21.3.52.7 

180°  round   W' 

t< 

tt 

t/" 

.3478 

45.740 

80.790 

20.649.7 

"       •'       %" 

6/11 

tt 

12xVi8 

.36.'34 

40.090 

77.180 

21.3  50.8 

;;     :;     ^;; 

fi/12 

tt 

18X% 

.3002 

48.530 

75.850 

18.0.38.7 

Slag  pits  on  surface. 

7/17 

;t 

14XVi6 

.3187 

43.645 

75.4.58 

23.0  55.6 

178°       "        5I" 

4/20 

•' 

5ji  round 

50.570 

75.710 

25.3,52.7 

14''''X14"  Ingot 

.23 

.89 

Ik 

tt 

^    tt 



51.310 

76.300 

25.0,50.1 

it 

tt 

1 1 

-(< 

tt 

tt 

47.530 

72.420 

21.6 

56.6 

No.  1 

tt 

Test  piece  annealed. 

V 

4536 

%  round 



.54.800 

78.170 

25.1 

.56,0 

20"X20"  Ingot 

i* 

tt 

1 1 

55.670 

78.810 

24.6  57.6 

No.  1 

l( 

(( 

tt 

50.7.50 

76.730 

25, 2;. 54.1 

No.  2 

-l( 

tt 

1 1 

.50.870 

76.860 

23.9.54.0 

t             tt 

It 

(( 

tt 

.54.100 

76.220 

26  2  53.4 

'        No.  3 

4.1 

ti 

tt 

49.700 

77.2.30 

25.0 

54.0 

t                    '       tt 

It 

tt 
tt 

tt 
tt 

48.4.50 
48.780 

77.280 
78.090 

24.2 
25.7 

.56.7 
57.3 

No.^  4 

i; 

t( 

tt 

47.740 

74.180 

27.0 

.54.5 

No.  5 

i( 

tt 

(t 

47.520 

74.490 

26.2 

,54.6 

t                         tt 

(( 

tt 

tt 

.50.6011 

78.820 

2;i.9 

49.4 

No.  6 

(( 

tt 

tt 

51.6:0 

79.0.50 

25.0 

46.3 

i                    n. 

6/11 

4586 

18XV16 

'!4306 

46.0.50 

74.120 

22.5 

.53.1 

180°  round   %" 

€/12 

it 

18X% 

..38H1 

49.860 

77.940 

18.8 

45.5 

"        "        h". 

(t 

(t 

1./° 

.3.590 

49.600 

75.. 530 

23.0 

47.3 

1 

«/25 

tt  _ 

18XX 

.5135 

40.700 

73.840 

24.5 

46.9 

180°       "     V„", 

7/17 
5/5 

(( 

12xVi8 

.3013 

46.301 

71. .300 

23.8 

54.6 

(t 

%  round 

49.300 

75.420 

24,2 

49.5 

14"X14"  Ingot 

.19 

1.01 

it 

It 

'■ 

49.. 530 

76.3.30 

24,1 

48.4 

tt                         It 

6/11 

(t 

4587 

18X^ 

';5657 

44.. 570 

74 . 708 

21.0 

47.1 

180°  round   %" 

tt 

.5133 

50,000 

76,000 

21.3 

38.6 

"        "        %" 

Plate  pu'ch'd  very  hard 

5/14 

tt 

%  round 

46.400 

72.320 

25.2 

54.0 

14"X14"  Ingot 

".2\ 

■!86 

tfc 

tt 

'^^    ii 

.50.600 

76.110 

25.0 

48.5 

tt                         1 1 

6/11 
6/25 

4590 

18X% 

'!.3i47 

47.200 

75.8.50 

23.0 

51.2 

180°    round  W' 

Plate  pu'ch'd  very  hard 

tt 

18  XX 

.5100 

44.000 

74.800 

22.0 

48.3 

182°        "      %" 

0/13 
5/14 

tt 

28XV16 
%  round 

.2590 

49.. 540 

77.030 

14  5 

.55.3 

Broke  luar  jaws 

tt 

45.790 

69.1.50 

20.7 

.55.5 

14"X14"  Ingot 

.23 

.65 

Fracture  irref;ular. 

it 

tt 

'^^    11 

46.070 

69.030 

27.0 

,55.6 

1 1                         k  t 

.... 

" 

6/25 

4593 

12XVi6 

';3175 

45.170 

70.000 

24.0,59.2 

180°  round    %" 

5/14 

tt 

34  round 

48.100 

71.930 

24,l|43.5 

14" XI 4"  Ingot 

.18 

.70 

fc( 

tl 

^^    I. 

47.760 

71.580 

25.1 

43.5 

t 

'                  * 
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6/25  4649 

7/lV 

6/11 


7/27 
5/5 

7/29 
8/11 
5/5 

7/17 
5/5 

7/27 
6/20 

7/27 
6/11 

6/20 

»( 

7/29 
6/20 

ii 

8/4 

8/26 

6/20 


7/27 
8/26 
6/11 

7/17 


6/20 

7/27 
6/3 

fet 

7/27 
7/29 
6/3 

it 

8/25 

9/8 

7/22 


9/8 
7/31 

it 

8/25 

r/30 

12/9 
10/22 

9/28 

12/4 

11/11 

11/13 

10/14 

8/8 

10/34 
9/28 

it 

10/20 

7/22 


4555 

4; 

455' 

U 

4561 
4643 

(I 

4646 

44 

(4 

41 

4662 
4656 

44 
(4 

4645 

44 
44 

4678 

(4 
(4 
41 
(4 

4716 

It 

4720 

44 
44 

4728 

44 
44 

4743 

4; 
44 

4738 

44 
44 

4866 

«4 

44 
44 

4976 

44 

44 
44 

44 
44 

4776 

44 

ti 
i( 

4868 

44 
4. 

4731 


7X% 

14XVi6 
'}i  round 

15XVi6 
%  round 

11X% 

20X?„' 

^  rouud 

12xVi6 
%  round 

16X^^ 
%  round 

16X>^ 
%  round 


13XVi6 
%  round 

24X14 

2iX% 

%  round 


15X% 

24X% 

%  round 

7MX% 
13xy,6 

12}^X% 
X  round 

15X1^ 
?4  round 

16XX 

nxVi6 

%  round 

16X1^ 

20XV,6 
%  round 


16X^1^ 
%  round 

44 

16X3^' 
20XV,6 
?4  round 

44 

14X% 

4  4 

M  round 

44 

22XX% 

25X% 
J^  rouud 


2OXV16 
17?iX% 
%  round 

13KXVie 
K  round 


.347 
.3245 


.4:382 


.3514 
.3673 


.4078 


44 

•47 
48 
47 

:43 
50 
50 
51 

!42 
46 
47 

!46 
51 
51 

.45 

,47 

46 

.5015  43 
48 
47, 
49, 
49. 
45. 
46 
46. 
45. 
54. 
51. 


.4965 


.3065 


.3911 
.3486 


.400  81. 
.763  75, 
.030  73. 
.840  74. 
..3e0  71. 
.140  72. 
.750  73. 
.225  75. 
.H80  72. 
.070  70. 
. 130  71 . 
.221  70. 
.670  74. 
.330  74. 
.316  76. 
.490  73. 
,150  73. 
423  73. 
010  72. 
010  72. 
220  78. 
220  78. 
693  75. 
400  72. 
400  72. 
000  75. 
415  78. 
620  73. 


100|19, 
495  22, 
450! 25, 
000  i  25. 
008  18. 
950  24. 
730  27. 
695 j 21. 
828121. 


5;  30 
0  55 
0  48, 
549, 
0  44 
0!40, 
47, 


5  178"^  round  ]4'' 
180^  "  %'• 
14"X14"  Ingot 


700 
930 
978 
570 
330 
330 
170 
280 
80, 


430  27 
470  26 


.3 


51 

.380047 
.3325  52 
47 
47 

45 
48 


.4925 


.3653 

.2864 
3110148 

.3650  43 
48 
47 
47 
47 
47 
45 
52 
46 
46 
49 
52 
50 


.4885 
.3269 


.3871 
.3336 


13X>^   .4553 
?i  round  


48 

.4000  43 
.  ...43 

144, 

.39.30  47, 
.2434  53, 

i43, 

45. 

.3718  43. 

.3157  48. 
47. 
48, 
51. 
50. 
52. 
50, 
50, 
53, 
45, 
46, 
47. 
48. 
47. 
49. 
4a. 
43. 
54. 
51. 


.3656 
.3694 

.3781 


.3684 
.3881 


.2790 


230  73 

18.i73 
540  79 
.720  7-', 
.750  72, 
.852  71, 

.010  r4 

.230  73 
.010  71, 
.460  73, 
.960  73, 
.327(75. 
.350,70. 
.220  70. 
.035  71. 
.613  77. 
.140:70. 
.200  70. 
.470  73. 
.250,83. 
.070  78, 

990  77 

99.-)  69 
360  ti9 
0.50  69 
250  70, 
575  82, 
490  68, 
060  68 
690:74, 
305  74 
360  73 
020  73, 
420  82, 


ItiO 
160 
370 
520 
320 
556 
595 
890 

770 
685 
400 
170 
680 
990 


26. 
25. 
21. 
26. 
25. 
16. 
15. 
24. 

25 

:6 

!1 

24 
26 
23 


542  22 

150,23 
750  23 


100 
520 
594 
9.30 
540 
955 
295 
300 
620 


175°  round    3^" 
14"X14"  Ingot 


14"X14"  Ingot 

178°  round   %" 
14"X14"  Ineot 

4  4  '44 

180°  round  1}^'' 
14"X14"  Ingot 


14"X14"  Ingot 


.0 


110  23 
150 
24 


J40 


01023 

990 1 24 
280  i  26 
740 1 27 
865126 
780ll8 
810127 
840 


41.4 

41.6 
57.3 
55.3 
46.0 
48.8 
52.8 
58.6 
.58.0 
.53.6 
a  54.4 
54.7 
57.4 
45.6 
43.9 
51.8 
53.0 
45.1 
45.9 
8:53.3 
5  53.4 
9  49.5 


620 
100 
770 
070 
960 
410 
120 
750 
590 
135 
330 
350 
380 


280 
600 
250 
080 
400 


230  22 

000  20 

650 

560 

300 

000 

880 

1.50 

940 


200  i  73 
340171 


25, 
22, 

21, 
23 
24, 
25 
44023, 
6.50:23 
720  25, 
205  25, 
910  26, 
290  26, 


44.3 
51.5 
.52.9 
53.4 
52.2 
46.1 
.58.0 
58.6 
.55.5 
53.0 
48.1 
46.5 
.56.6 
.54.4 
0|51.2 
552.0 
0.50.4 
47.0! 
54.3 
54.5 
46.4 
4'.1 
.50.8 
49.7 
51.6 
56.8 
55.2 
47.0 


14"X14"  Ingot 


14"X]4"  Ingot 


14"X14"  Ingot 

44  44 

180°  round    %" 
181°  round   }i^' 


14"X14"  Ingot 
U"X\i"  Ingot 


14"X14"  Ingot 


.31 
.21 

.20 
.22 
.31 
.25 

.20 


.75 
.65 

.66 
.65 

.87 
.82 


180°- close 


180°  round  %" 
178°  "  Via" 
182«  "  Vis" 
14"X14"  Ingot 


.19 
.20 

.20 
.24 


.21 
.22 


.26 
.21 
.19 
.20 

.25 
.22 
.21 


.82 


Broke  in  flaw. 


Broke  near  jaws. 
Several  surface  flaws. 
Test  piece  much  cold 
rolled. 


.21 


.86 

.66 
.63 

.75 
.65 
.74 


Cold  rolled. 
190.000. 


E=30. 


.77 
.76 


.68 


E=31.100.000. 
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PLATES  USED  IN  TENSION  OR    ALTERNATE  TENSION  AND  COM- 
PRESSION—OY'E.R  U  INCH  THICK. 


SB 

eS 
P 

o 

a 

7/J 
7/3 
4/20 

14 

4519 

(( 
4( 

4/21 

r/3 

4t 

4570 

6/5 

44 
44 

7/1 
7/3 
5/5 

4557 

(4 
44 

44 

7/1 

4561 

44 

5/5 

14 

•  4 

8/3 
5/14 

4588 

r/1 

5/14 

4590 

(i 
44 

6/11 

4587 

i; 

44 

5/14 

Lb 

44 

6/11 
5/5 

4586 

44 
44 

8/4 

4721 

44 

r/29 

u 

44 
44 

7/3 

44 

8/17 

8/4 

6/3 

4720 

44 

r/27 

8/3 
6/29 

4682 

44 

7/29 

4718 

4i 

8/26 
6/3 

44 

44 

44 
44 

8/25 
12/9 

4732 

7/22 

44 

44 
44 

8/11 
7/22 

4733 

4( 

8/11 
8/26 
6/11 

4646 

44 

S 

o  o 
CO 


20X% 

20X^ 

^  round 


aoxM 

%  round 

20XM 
%  round 

20XM 

Ik 

%  round 

20X% 
%  rouud 

20XM 
%  round 

18X% 
18XVie 

4k 

•%  round 

18X5^ 
^  rouud 

20X% 


^  round 
20  X% 

3^  round 

(( 

15XVi8 

20X?^ 

;'.i  round 

ISXVie 

16X% 

%  round 

24X?i 

9X94 

7X1>^ 
•y^  round 

30  X% 
^  round 


20X1% 
20X1>4 
%  round 


a. 

«3 


ss 

—  p, 
w  —  o 

X   O   r- 


^  P* 

CO  03 

una 


i;n".s 


SP^ 


5625 
4785 


4706 
4703 


5293 


4556 


5990 
4950 
4873 


478S43, 
5625  42 
49 
49 
46 
42 
41 
46 
46 
4125  43 
5476  41 
46 
47 
44 
43 
51 
51 
44 
50 
50 
43 
45 
46 
41 
43 
41 
46 
50 
43 
49 
49 
43 
42 
47 
46 
46 
45 
41 
46 
46 
46 
44 
40 
48 
4H 
5483  43 
5351 1 43 
5177,44 
5026  37 
46 
47 
4858  44 
6309  43 
5281 1 40 
...147 
....  46 
5437.49 
....54 


604'; 


4406 
55()2 
6076 
6139 


6075 
4431 


5609 
6497 


6,50  73 
280  71 
130  73 
660  74 
490  70 
.507  j  69 
190  68 
280  70 
880  71 
636  78 
510  08 
070  70 
130  71 
470:71 
590  71 
670  74 
330  74 
455  72 
2.50  76 
420  76 
920  76 
.790,69 
070169 
240i70 
780 1 72 
040 
4(X) 
600 
(X)0 
3(X) 
5.30 
,  2.58  j  66 
251  !66 
235  70 
733  73 
920  70 
780,70 
810:74 
942  i  73 
140  70 
200  70 
213  72 
957  74 
540  73 
910  74 
4.5!t  68 
600  70 
654  71 
800  69 
960  70 
210  70 
555:71 
690,71 
!).■)()  71 
580;7() 
92(16!) 


767 
570 


....151.000 
4989.39.490 
5026  43.. 590 
....'48.010 


.520  21 
.336  23 
.950  25 
.000 1 23 
.870:23 
.333  22 
.340,20 
.530  25 
.13024 
.93048 
.660120 
.700  24 
.930,23 
.63021 
.870  22 
.570  25 
330  25 
.170  2;:^ 
.350  25 
.510  24 
.240  25 
.1.50  26 
.030  27 
.950  24 
.464  23 
.100  22 
.320  25 
.11025 
.750  22 
.420  24 
.330  24 
.275  23 
.2.53  23 
.470  26 
..500  20 
.260  25 
.370  23 
.760  21 
.460  22 
.300  24 
.620  25 
.028  20 
.465  22 
.500  2-. 
.230  26 
.482  25 
.730  23 
.130  29 
.250  24 
260  23 
430  24 
180  17 
281)  23 
620  27 
I  10  22 
0.30  23 
180  25 
380  27 


o 

S 
HH 

-a 

C3 

c  a> 
••-•  *^ 

'S  o 

W 


46.9 
49.3 
49.1 
49.1 
53.7 
43.9 
40.8 
49.1 
49.0 
42.3 
40.8 
48.1 
47.6 
48.8 
41.8 
55.6 
56.2 
46.5 
43.6 
41.8 
47.9 
55.5 
55.6 
45.7 
48.9 
46.8 
54.0 
48.5 
44.0 
49.5 
48.4 
48.8 
.50.9 


3  47.9 
0,45.8 

7  43.3 
0  42.3 
0  49.1 

0  52.3 
3  45.1 

8  45.9 
3,49.9 
5  41.6 

1  52.9 

2  52.7 
8'52.4 
3:50.6 
054.4 
5  51.9 
642.4 

3  41.3 
5  44.9 
3  46.0 
0.53.4 
1  4!). 8 
3  47.2 
0:48.5 
2146.1 


72.0.50  26.0  41.2 
74.263  23.3  46.1 
72.120  24.5  50.0 
72.430,27.0149.0 


180°  round  1)^" 
W'XU"    Ingot 


180°  round  i%' 
180°  round  1)4" 
14"X14"    Ingot 


180°  round  1}^" 
U"XU"    Ingot 

(4 

180°  round  1^" 
W'XU"    Ingot 

4( 

14"X14"    Ingot 

41 

14"X14"    Ingot 

44 

180°  round   %" 
180°  round   %" 

4  4 

14"X14"    Ingot 

180°  round  Vib" 
14"X14"    Ingot 


W'XU"    Ingot 


W'XU"    Ingot 

it 

W'XU"    Ingot 


W'XU"    Ingot 


180°  round  >4" 
180°  round  y^" 
W'XU"    Ingot 


14"X  14"  Ingot. 


.22 


.23 


.20 


.22 

.27 
.23 


.21 
.19 


.20 


.22 


.20 


.23 


W'XU"    Ingot 


.21 
.19 


.25 


=3 


.58 


.71 


.66 


.65 

.78 
.65 


.86 
1.01 


.72 


.68 


.81 


.65 


.58 


.82 


Remarks. 


Broke  in  scale  pits. 
Showed  blow  holes. 


Punched  hard  in  spots. 


Broke  in  surface  flaw, 
bad 


When  punched  showed 
soft  spots. 


Speeimep  round. 


Bad  surface  flaw. 

Specimen  round. 
E=29.700.000. 


Cold  rolled  specimen. 
E=29.700.(X)0 

Specimen  turned  round 
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PLATES  USED  IN  TENSION  OR  ALTERNATE  TENSION  AND    COM- 
PRESSION.— Continued. 
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.4256  46 
.6040  43 
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51 

.3733  47 
..3699  ii 
.4510  44 
.4521  13 
.5147.38 

'43 

45 
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50 


010 
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292,71 

620,73 
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750,72. 
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980 
830 
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290 
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920 
820 
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400 
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969  23 
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890 1 24 
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680:26 
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.910i26. 
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..580  25 
.400  26 
.660  24 
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.620  24 
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.755  26 
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.81 
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Cold  rolled  specimen. 


E=31. 160.000 


Cold   rolled  specimen. 
j:=30. 190.000 


Specimen  turned  round 


Specimen  turned  round 
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INCH  THICK  AND  UNDER. 
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Blow  hole  in  center  sur- 
rounded by  i;ranular 
specks. 
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Specimen  annealed. 
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Specimen  annealed. 
Broke  in  flaw. 

Specimen  annealed. 
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PLATES   USED   IN    COMPRESSION.— ConUumed. 
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180°  round  %" 
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;  Broke  in  surface  flaw. 
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Broke  near  jaw. 
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Specimen  annealed. 
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■;458T 

47.960 

75.430 

24.5 

54.3 

180°  round  %" 

4/28 

%  round 

.54.125 
53.900 
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84.320 

23.0 
22.5 

45.6 
45.0 
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5/26 

4538 
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SO. 000 

21.3 
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4/28 

tt 

%  round 
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.95 
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24.6 
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11 
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48.616 
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Ifi  3 

22.6 
45.8 

Broke  in  bad   surface 

5/26 

79.700  22.6 

i86°  round  i^'' 

[flaw. 

4/20 

l( 
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54.060 
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14"X14/'  Ingot 
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4546 
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2OX11/18 
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48.151 

79.160 
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180°  round  %" 

4/28 

(( 
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81.280 

23.8  47.1 

14"X14"  Ingot 

(I 

t( 

hi 
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80.320 

24.8 

46.2 

tt 
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5/26 
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!4557 

47.730 

76.256 

25.5 

51.6 
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Plate  punched  soft  in 
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(( 

tt 

20XV16 

.4066 

49.980 
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tt 
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tt 
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6/11 

tt 
tt 

X  round 

48.810 
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82.180 
82.620 

24.45:^.2 
23.850.2 

14"X14'^  Ingot 

.34 

.85 

8/11 

4665 

2OXV16 

'.'5537 

50.568 

81.425 

22.5  41.6 

8/17 

tt 

20X% 

.4027 
.4484 

.53.710 
50.2;i5 

84.350 

83.868 

23.8  46.6 
18.0  46.4 

(C 

tt 

20x34' 

.4384 

52.805 

88.135 

19.8|47.8 

U 

tt 

20X'Vi« 
%  round 

.3371 

55.6K1 

85.170  23.8  53.3 

6/11 

tt 

53.730 

84.740  22.0  38.6 

14"X14"  Ingot 

.30 

.69 

6/30 

t( 

kfc 

52.4.50  84. 840t22. 5  47.0 

" 

8/11 

4603 

20  X  Ji- 

'!55i6 

49.095l79.78l|22. 0  49.3 

8/17 

*•■ 

.5312 

45. isn'so. 230:22. 5  47.4 

8/25 

(t 

ll  XJ^ 

.4501  i  n  .US  H2.975;22.0  48.9 

5/25 

(t 

%  round 

56.010  SI. 420i2;3. 6:48.3 

14"X14"  Ingot 

.88 

tt 

'*■ 

tt 

55.300  81.340 

24.3  51.2 

" 

8/25 

4618 

2OXI1/U 

' !4556 

50.085  81.8701 

20.5  49.0 

5/25 

a 

■J^  round 

54.260  S6.2()0 

24.5  48.1 

14"X14"  Ingot 

..33 

~  " 

55.660  K(i.74(l| 

23.3:48.7 

8/11 

4642 

SOxVie 

issie 

47.135 

S2.218 

16.334.9 

8/17 

**■ 

.4879  51.1801 

87.598 

22.5137  7 

6/29 

*' 

?4  round 

50.360180. 170 

25.2151.3 

14"X14"  Ingot 

.34 

.91 

(( 

tt 

4( 

50.340  80.100 

25.7 

51.4 

tt 

8/11 

4647 

16X% 

ieiis 

48.(t82;8().874 

20.0 

42.0 

8/17 

"- 

2OXV16 

.4965 

51.620:84.83(1 

21.3 

46.1 

(( 

tt 

20X-M 

.4365 

52.760  H9. 825 

23.0 

46.1 

6/11 

tt 

%  round 

48.8I0|K2.380 

20.5 

i4.4 

14"X  14"  Ingot 

.38 

.93 

(( 

(t 

It 

49.420'82.5(XI 

21.1 

41.1 

u 

6/5 

tt 
tt 

it 

51.82.">  S4.760 
51.740  M(i. 040 

23.1 
20.7 

39.4 
42.4 

a 

8/11 

4668 

20X% 

■  14567 

.56.0621 

88.OIOI 

20.8 

42.8 
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6/11 
6/30 
12/9 
10/9 

k; 

4668 
4900 

12/9 
10/9 

4901 

10/26 

7/28 

4876 

"  1 

4( 

^  jound 
^  round 

5^  round 

22  X  Vie 
54  round 


.6162 
;6266 
!493i 


•55.830 
54.. 590 
.50.265 
.59.100 
.56.940 
51.950 
54.080 
.54.700 
46.500 
55.0.50 
55.300 


88.040 
88.120 
81.100 
83.880 
82.200 
80.646 
82,700 
82.260 
81.630 
80.410 
80.410 


0.50 
5  40 
039 


14"X  14"  Ingot 
181°  round  1" 

18G°  round  %" 


.35 

.32 
.37 


.80 


The  following  tests  were  made  on  plates,  the  steel  slabs  for  which  were  ob- 
tained at  Johnstown  and  plates  rolled  at  Carnegie's. 

In  these  specimen  tests  and  others  given  later  for  f "  rounds  on  ingots  cast  by 
Cambria  Iron  Co.,  the  work  done  on  the  test  bars  was  as  follows:  Ingots  gen- 
erally 18"  square.  Heated  and  rolled  to  7"  square  blooms.  A  piece  cut  from 
bloom  and  heated,  then  hammered  to  3"  square  billet, — again  heated  and  rolled  to 
f"  round  bar  and  then  tested  without  further  work. 

In  the  case  of  the  36"  plates,  tests  on  which  immediately  follow,  the  ingots  were 
28"xl2"  and  broken  down  and  spread  into  36i"x5"  slabs  under  the  hammer. 

Considerable  difficulty  was  at  first  experienced  in  getting  good  plates  of  such 
unusual  size  and  weight,  but  extra  care  in  preparation  and  inspection  of  the  slabs, 
fin.iUy  resulted  in  most  satisfactory  results. 
PLATES   USED    FOR   ALTERNATE  TENSION'  AND    COMPRESSION— 


OVER  }i 

INCH  THICK. 

o 

5 

'H  ^ 

_B 

0 

B 

l-H 

r- 

o 

■:^% 

■« 

c 

'^ 

IS 

d 

e 

<o  2 

a 
ft 
in 

«^ 
o 

g 

1  a  s  t  i  c 
Pounds  p 
Inch. 

timateStr 
Pounds  p 
Inch. 

B 
0 

'S 

51) 

■"■«R 

0  , 

-   M 
—   a* 

01  lj 

03  « 
MO 

5  M 

c 
0 

-s 

C3 

01 

UA 

<a 

B 

a 

B 
03 

Remarks. 

p 

6329 

m 

< 

W 

P 

19.5 

30.0 

fQ 

0 

S 

7/9 

36X% 

.4156 

.50  .530 

76.516 

it 

%  round 

47.180 

76.320 

01  0 

43  0 

27 

72 

6436 

mx% 

'  '4286 

47.450 
49.. 580 

75.910 
73.610 

22.1 

18.8 

43  3 

E=28  970  000. 

41.9 

ik 

%  round 

48.610 

76.2.50 

22.1 

42.4 

.Wi 

.61 

6444 

36X5^ 

'  .'4612 

48.960 
48.930 

77.940 
72.333 

23.1 
17.5 

44.6 
40.9 

E=29.470.000. 

t& 

%  round 

49.090 

71.800 

00  7 

40  4 

25 

60 

" 

49.050 

72.070 

22.5 

38.6 

6466 

mx% 

.4032 

44.643 

70.000 

19.5 

40.0 

*• 

%  round 

it 
36  X% 

57  200 

75  180 

■'0  3 

45  '? 

2-.^ 

52 

Specimen     very    cold 
rolled. 

6476 

'■426.5 

.57.650 
49.. 3.55 

75.410 
77.490 

21.0 
17.0 

45.2 
27.2 

l; 

54  round 

49.210 
49.620 

73.810 
74.400 

21  8 
20.3 

39   1 

.20 

.67 

31.2 

E=29.840.000. 

10/18 

6676 

36  X% 

.5810 

46.690 

70.220 

21.3 

,55.4 

9/13 

" 

54  round 

47.420 

74.920 

24.3 

44.1 

18"X18"  Ingot. 

.20 

.83 

" 

" 

47.420 

74.920 

25.7 

45.1 

" 

=30.080.000. 

PLATES  USED  IN 

COMPRESSION— ON'EM 

V2 

INCH  THICK. 

S 

5» 

■5  <^ 

.s 

<•-• 
0 

s 

5s 

B  b 

*% 

•tf 

as 

0 

'a 

0) 

s 

0)  0 
ft<^ 

ft 
0 
2 

1 astic 
Pounds  p 
Inch. 

timate  Sti 
Pounds  p 
Inch. 

0 
'♦J 

03 

J." 
0& 

01  <^ 

03  41 

11 

B 

0 

B 
03 

to 

s 

03 

Rem  ark  1?. 

P 

HH 

t» 

-<: 

6^ 

P 

W 

« 

P3 

c 

S 

9/9 

6587 

36X"/,6 

..5985 

49.575 

83.520 

22.0 

40.6 

7/30 

'' 

54  round 



54.730 
.54.. 500 

85.760 
84.6.50 

18.1 
19.6 

37.9 
34.7 

.34 

.78 

==30.030.000. 
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The  following  tests  are  for  Cambria  steel. 

In  that  rolled  by  the  Cambria  Company  the  work  done  on  angles  was  as  fol- 
lows: Ingots  generally  18"  square  bloomed  down  to  7"x7"  for  angles  under  6" 
x4"  and  to  blooms  7'  x8"  for  6"x4"  and  6"x6"  angles. 

In  angles  rolled  by  the  New  Jersey  Steel  and  Iron  Company,  at  Trenton,  for 
draw  span,  the  ingots  were  hammered  into  billets  as  follows:  6"x6"  and  6"x4" 
angles— billets  9i"x5";  3i"x3i"  and  3"x3"  angles-billets  4i"x4";  2i"x2.V'  angles 
— billets  3A"  square. 

In  column  headed  ingot  will  be  noticed  the  fact,  that  some  tests  were  made 
from  7  '  square  ingots  cast  for  test  ingots. 

This  method  of  ascertaining  the  quality  of  whole  heat  was  soon  abandoned  as 
unjust,  both  to  the  mill  and  purchaser,  inasmuch  as  the  results  obtained  did  not 
give  a  fair  judgment. 

In  column  headed  wliere  tested,  the  letters  have  the  following' significance. 
A — tested  at  shops  at  Athens. 
C—       "        Cambria  mill  at  Johnstown. 
T—      "        shops  at  Trenton. 
p_      "        Olsen's  at  Philadelphia. 


CAMBRIA  STEEL.  ROLLED  BY  CAMBRIA  COMPANY 

IN  COMPRESSION. 


-ANGLES  USED 


P 


7/21 

3/ 

4/24 

7/21 

3/ 

4/22 

.1 

14 
tl 

7/21 

7/22 

3/ 

4/23 

7/21 

t( 
i( 

8/ 

4/22 

5/4 

10/22 


o 

S3 

w 


6034 


6038 


5756 


6007 


6563 


CO 


3X3XVi6 
3X3X% 
K  round 


2i^X2i^iX% 
%  round 


4X4XVia 

4X4X>Vi6 

%  round 

l( 

6X4XX 


6X4xVi(i 
X  round 


6X4X70  11)8  L 


C!  o" 


,3()3 
325 


347 


,562 
.555 


'■Xu 

-  aj 


-•a 

-P-(M 


.485 

.491 
.597 


800 
300 
.260 


56- 
g- 

'    CO 

2  5j= 


86.200 
83. 401) 
82..5G(I 
400  83.490 
900  82.. 52(1 
080  82.080 
100  79.200 
70O  si.:3t;o 

9fj0  82.100 
I30r9.;i20 
000  S3.(NHI 
100  81.140 
100  80.680 
460  75.300 


41.100 


49. i^.W  78.320 

49.;i50  rs.oiio 

48.0.30  81.600 
47.8(10  81.180 
41.600  82.500 


595 


c 

(M 

'" 

o 

■6^ 

a 

f^ 

•  ^H 

2 

t^^< 

a 
M 

z:  OS 
a; 

c  ^" 

-C  t. 

o& 

D«< 

W 

« 

18.5 

42.1 

19.4 

43.7 

21.7 

:W.6 

21.1 

;w.8 

22.1 

46.8 

19.5 

46.8 

Il9.6 

44.1 

19.8 

31.7 

18.7 

34.6 

20.5 

46.3 

21.2 

45.2 

22.7 

45.7 1 

23.2 

45. 6 1 

78.100     24.4 


22.5 


,20.0 
20.4 
19.7 
22  0 

i23.1 


43.80038.900  22.4 
.900  8.-).600  I  ].  ... 
47.720  85.310 
.")().  181)  85.0(10 
49.5(iOft7.000 
49.200  86.950 
45.420  83.530 


46.470  83.740 
45.500  84.0.30-1- 


20.0 

18.7 
20.9 


34. 


:34.9 
•39.2, 
34.21 
34.5 
40.9 

46.2 


30.8 
3.i.7 
45,5 


21.6  45. 8| 
22.5  43.5 


21.7 
9. 


42.3 

8.4] 


50.31  A 


o 


7"  sq, 
18"  sq, 


7"8q 
18"  6q 


18"  sq. 


7'^  eq. 
18"  sq. 


.35 


T3 
O 


•a  s 


M 


,34 


33 


.36 


52 


180°  rd  }i" 
180°rd  %" 


.49, 


28.680.0(X) 
lbO°rd  X" 


.53 


61 


30. 750.  (XX) 


29. 610. (XXI 
180°rd  U" 

]80°rd  IJ" 


29. 680.  (XXI 


Remarks. 


28.910.000 


180°  rd 


^    silky  cup. 
Full    " 


Flat  cup  silkj-. 

Full  " 


Regular  silkj'. 
Iireg. 

Pine  cup  " 
Irreg.  " 

Part  cup    " 
trace  crystals. 
Part  cup  silky 
trace  crystals. 


^  cup  silky. 

>k  li  LI 

Part  " 

trace  crystals. 
)4  cup  "silky. 
ISot  broken. 


Flat  cnp  silky 

k.      ti      n 

Irreg.  silky 
some  crystals. 
Irreg.  silky. 
Could         not 
break. 
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TESTS   OF   ANGLES   USED  IN    COMPRESSION.— Continued. 


03 

R 


o 

■4-3 

03 

K 


a 


0)  o 


s 
S 

•-co 

5  CT 

a 

o 
a 

"C 

C    QQ 

o 

OJ 

•o  S 

►-5  1=- 

r  c. 

•- 

/J  o 

O  K 

._T3 

*-2 

o    , 

Eh 

b" 

^fef^ 

o3  C^ 

03 

-  03 

5 

fe 

as 
be 

C3  rf 

^££ 

■S  o  £ 

C^' 

-a  t- 

^ 

giCK 

;:SPhm 

Odb 

<: 

,0 

N 

c3 

-< 

w 

t3 

W 

DC 

o 

^ 

•13 

O 


-a 

n 


eq 


Remarks. 


r/2.3  6563 1      %  round 

10/22i6532|4X4X53.51b.L 
L  round 


4x4XVi«  L 
'■^  round 


r/13 

10/22 

3/ 

6047 

4/22 

10/22 

r/10 

6525 

11 

(t 

(I 

10/22 

6560 

t( 

(( 

tt 

(< 

7/22 

41 

7/21 
4/23 

6266 

44 

3X3X%L 
%  round 


i2iX2jxVi6L 

44 

2iX2i-X20  lbs 

(4 

%  round 

44 

i2JX2^XVi6L 
i  round 


.430 


.373 


...las.iio 

...  58.170 
503.38.100 
51.250 
52.410 
43.500 
51.360 
52.3;0 
51.. 520: 
51.780 
47.901) 
53.510 
I 
....  53.740 

I 
.323  47.300 
.314  47.400 
.402  4().(l00: 
.386  45. 800 1 
. ...  53.600 
....  53.450 
.295  49.500 
....  47.870 
....  47.870 


87.830 
88.280 
73.300 
79.540 
78.840 
87.400 
85.760 
86.460 
85.550 
86.000 
85.000 
86.480 

87.180 

81.600 
84.400 
83.(i(IO 
84.200 
85.800 
84.400 
81.300 
80.480 
80.000 


18.8 
20.3 
26.4 
22.5 
m  8 
19.0 
20.7 
19.3 
22.2 
22.2 
21.3 
19.0 

21.6 

21.3 
20  3 
21.3 
22.5 
22.3  42.1 
21.0  42.2 
17.5  40.0, 
i2  0  48.0, 
23.0  47.6 


39.2 
40.6 
53.7 
41.9 
44.9 
43.5 
33.8 
.34.0 
43.8; 
42.8 
31.7 
33.8 

33.8 

43.0 
36.6 
34.1 

43.8 


18"  sq. 


7"  sq. 
18"  sq. 


18"  sq. 


18"  sq. 
is"  sql 


.32 


29.450.000 
180°  rd  2" 


29.440.000 
180°  rd  1" 


..  31.200.000 


31  .87 


.36 

30.000.000 

180°rd  }4 
170°rd>," 
180°rd  %" 
180°rd  }^" 

si! 520 .666 
180°  rd  1" 
.28  .85 
..I...  129. 440. 000 


Irreg.  silky. 

}i  cup  silky. 

Silky. 

tfc 

cup   silky. 


Very  irreg. 
Flat  cup  silky. 

M  "  '• 
Crystalline  & 

laminated. 
Crystalline  & 

laminated. 
yi   cup  silky. 

^      " 
Perf.  cup 
Rag'd  " 
Perf.    " 


CAMBRIA  STEEL, 


ROLLED  AT  TRENTON- 
IN  COMPRESSION. 


-ANGLES  USED 


C3 


9/29 


9/30 


W 


6780 


o 

a 
B 


3i^"L28.91bs 


2>^"L14  2  lbs 
5i  round 


6782  2}4"L-U.2  lbs 
'  !      'i  round 


10/26  67811  3X"L-271bs 


9/30 


X  round 


11/28167881    3"L-25  lbs 


389 


3  o" 

:t/3 


03  O 


46.630 
46.960 
47.210 
46.160 
47.050 
49.140 
46.020 
45.170 
46.200 
54.060 
54.060 

46.860 
50.920 
51.510 


•§°l 


03 


610  16.0 
750  19.5 
770  23.5 
940  22 
280  18.2 
.390  20.0 
.580  22.1 
000  18.0 
500  18 
880  21.2 
880  21.9 


82.8.30  18.7 
83.540  21.6 
82.870  21.8 


400  41.250  78..'=,00  23.5  43.8 


43.9.';0  80.840  21.9 


t3  t. 


18.8 
40.0 
51.7 
49.7 
32.4 
49.4 
47.5 

44!3 

38.1 
38.1 

41.5 
44.0 
43.8 


49. 8(X)  80.580 
49.800  80.360 


362  45.000  82.870 
368146.640  83.460 
370145.940  83.790 


22.1 
•«.9 


44.^ 
44. J 
44.5 


18.8  43.4 
17.7.37.8| 
18.0i34.6l 


o 

be 
c 


7"  sq.  ingot 


14"  sq.  ingot 


14"  sq.  ingot 


03 
O 


o  ca 


.33 
.30 
.32 


.30 
.31 


.32 


.32 


..32 


.82 


.66 


.6'! 


Remarks. 


80^  cryst-sq. 
Silky  cupped. 

"      faint  cryst. 
"     angular. 


"      angular. 
"      cupped. 
"      y^  cup. 
"      irregular. 
30.160.000. 
Silky  cupped. 
"      irregular. 

.C  L4 

.30.380.000. 
Silky  cupped. 


E= 


E= 


"     V  cup. 
690.000. 
Silky  square. 

"     cupped. 


E=29. 
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CAMBRIA  STEEL,  ROLLED  AT  TRENTON— ANGLES  USED  IN 

COMPRESSION  ACCEPTED  ON  INGOT  TESTS  AND 

EEJECTED  ON  FINISHED  TESTS. 


^6- 

btCO 

a 

o 

E 
o 

s 

C3 

T3 

3^ 

1A 

B 

53 

o 

<6 

d 

, 

UQ 

—  ns 

11. 

St3 

i 

O 

03 

>> 

Remarks  as  to 
Fracture. 

^ 

-•-» 

^C3 

2i 

03  O  c 

2  §-= 
-  5  c 

3)  . 

3  a 

c 

O    . 
X)  03 

on 

OS 

-s 

-a 

_ChS 

:5P,£ 

oIj 

o< 

U^ 

P 

H 

a 

1^ 

I? 

H 

D 

m 

« 

o 

F 

6741 

sx 

"  L  40  lbs 

T 

43.720 

77.200 

21.8 

45.9 

.35 

.31 

Silky  Clipped. 

6 

»' 

<             ik 

T 

43.650 

78.500 

18.7 

41.5 

.38 

.32 

"      square. 

1 

(( 

i             ii. 

C 

42.510 

76.150 

22.949.8 

.30 

"     loo,-;. 

Ix 

a 

i             (i 

c 

42.050 

74  330 

21  5142  5 

( 

"      faintly  cryst. 
'•      at  4.5°. 

C 

It 

'  37.8  lbs 

T 

41.100 

70 ! 090 

22.5  40.0 

";2.5- 

245    ""^'JO 

I 

n 

'  40     lbs 

T 

42.880 

83.6il0 

18.7  29.0 

.47- 

49    .38-.  4;^-.  39 

Crystalline  fine. 

3 

a 

•  37  8  lbs 

c 

42.300 

71 . 970 

23.2  45.2 

...'<         .27 

Silky  partly. 
Square-cryst. 
Si  ky  cupped. 

8x 

it 

KJ  1     «  \J     A  K^KP 

c 

44  8.50 

83  920 

19  0  20  4 

* 

ki. 

'  30     lbs 

T 

41 ; 260 

78.030 

19!5.38;2 

1 

ti 

'  30.5  lbs 

T 

44.420 

75.390 

24.2.34.8 

it                                 il. 

t 

u 

'        " 

T 

40.080 

73.780 

22.6  45.1 

"".m- 

31  r'iso 

ii                a 

7 

'* 

'  30     lbs 

C 

44.090 

80.740 

21.2  38.5 

...i         .42 

"     M  cryst  X- 

7x 

It 

i               it 

C 

45.. 570 

80.710 

22.3.36.6 

"     M     "    %. 

8 

** 

t               it 

c 

41.880 

79.820 

20.6 

43.2 

'.'.'.   "".m 

"     X     "    M- 

Sx 

14 

t               it 

c 

46.340 

81  470 

19.5 

47.4 

"      100^. 

11 

%  round 

4i 

c 
c 

48.560 
48.. 560 

78.630 
7S.6:W 

21.8 
23.2 

39.9 
44.1 

;;.  "".28 

n 

6740 

3»^"L37.81b8 

T 

45.000 

80.000 

18.7 

34.8 

.34 

.30 

Silky  cupped. 

E 

(4 

"        '• 

T 

45.010 

81.570 

17.1 

35.6 

.40 

.35 

"      »  lo-aiiffular. 
Square  crystalline. 

4 

(fc 

^L        i( 

C 

44.150 

79.090 

16.4  22.1 

.34 

4x 

3"  L  30.5  lbs 

C 
T 

48.120 
46.630 

90.610 
W.750 

13.7 
16.3 

15  9 

100^. 

t 

xti,  a 

22.4 

"".'^ 

49'  ! 47- .32^! 465 

*> 

tl 

ii 

0 

44.200 

86.. 360 

15.0117.1 

..   '         .35 

Ik                         ii                      (( 

OX 

ti 

*' 

C 

43.750 

77.8.50 

19.3138.0 

Silky. 

it 

%  round 

C 

49.720 

82.100 

21.7 

41.0 

;;;  ""34 "' 

** 

((. 

C 

50.880 

81 .640 

21.0 

41.0 
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CAMBRIA   STEEL,  ROLLED  BY  CAMBRIA— ANGLES  USED    IN    TEN- 
SION, OR  ALTERNATE  TENSION  AND  COMPRESSION. 


P 

d 

0) 

o 

s  . 

S 

O.J3 
£»" 

< 

Elastic    Limit: 
Pounds  per  Sq. 
Inch. 

Ultimate  Strength: 
Pounds  per  Sq. 
Inch. 

c 
_o 

b£ 

o5o 
W 

21.9 

22.5 
24.8 
24.3 

23.1 

22.1 
24.1 
24.4 

22.5 

25.4 
24.7 

21.0 

20.3 
21.4 
21.9 

24.1 
23.4 
24.4 

23.5 
23.8 
25.4 

26.4 

23.8 
23.2 
23.4 

24.0 

24.0 
24.0 
24.0 

23.9 

23.2 
23.2 
20.1 

23.3 

23.1 
24.3 

19.8 

25.6 

27.0 
27.5 

26.0 
22.3 

4-. 

a 

-a  t- 

48.2 

41.4 
43.5 

50.8 

42.5 

42.5 
44.9 
53.3 

.52.0 

49.7 
.50.7 
47.5 

41.3 
40.4 
52.9 

44.8 
45.8 
51.9 

43.0 
39.9 
53.1 

51.7 

47.7 

47.9 
44.9 

48.8 

46.5 

50.1 
49.1 

41.8 

44.4 

38.6 
40.9 
40.9 

53.9 

46.4 

48.5 

52.1 

50.0 

53.5 
54.4 

47.6 
45.0 

13 

Q) 

en 
^ 

A 

C 
C 
A 

A 

C 
C 
A 

A 

C 
C 
A 

C 
C 
A 

C 
0 
A 

C 
C 
A 

A 

A 

C 
C 
A 

A 

C 
C 
A 

A 

C 
C 
A 

A 

C 
C 

A 

A 

C 
C 

c 
c 

t 

a 

N 
02 

a 
0 
.0 

03 

.20 

« 

1 

3 
.83 

0 
3 

1= 

Remarks. 

r/22 

.5/9 

r/21 

6319 
6332 

I; 

6388 

Lb 
t> 

6259 

■  < 

6270 

;l 

6272 

(I 

6571 

(4 

6555 

(I 

6344 
6570 

4L 
iL 

6565 

(( 

(4 
it 

6730 

2^X2>^X% 

%  round 
6X4X69  lbs 

94  round 
3X3X% 
3x3xVi« 
%  round 
3X3X21.5  lbs 
%  round 

2^X2^XVi6 

H round 

5X314  X% 

^  round 

6X4X69  lbs 
2J4X  21^X30 

lbs. 
2^X21^X30 

lbs. 

54  round 
4X4X53.5  lbs 
4X4X33. 21bs 

%  round 

It 

3X3XiVi6L. 
i( 

^  round 
3x3XVi8  L. 

%  round 

it 

2J4X2>^XVi6 
2^X2>^XVi6 

94  round 

44 

3^"  L  40  lbs 

44      44          44 

.425 

.541 
.546 

!343 
.344 

.'349 

!368 

.'.385 

.'544 

.470 
.465 

.'518 
.404 

^sio 

.502 

!466 
.417 

.313 
.309 

42.800 

44.970 
46.100 
36.600 

38.600 

46.110 
45.740 
41.400 

42.400 

43.240 
43.110 

42.400 

43.710 
45.200 
45.400 

45.100 
44.870 
42.600 

45.560 
45.3.30 
39.900 

40.200 

43.200 

49.390 
50.960 
39.000 

41.500 

47.980 

47.290 
43.500 

40.100 

45.570 
44.610 
43.100 

42.200 

46. 920' 
45.750 

43.200 

42.900 

46. 380 1 

47.080: 

41.340 

70.100 

71.350 

71.8(HI 
69.600 

69.800 

74.. 5,50 
73.960 
72.300 

73.500 

71.360 
70.920 
73.3a) 

72.700 
72.500 
76.400 

73.460 

73.000 
73.tXK:) 

72.8.50 
72.850 
71.200 

74.700 

75.600 

76.690 
76.890 

77.200 

78.200 

73.340 

70.580 
77.400 

76.000 

75.310 
73.500 
74.600 

73.900 

71.790 
70.940 

71.200 

70.600 

70.740 
70.260 

70.940 
70.6.50 

IS"  sq. 

It 

180°  round 
H" 

29.36o'.o6o 
180°round 

2" 
180°  round 

2" 

'iim'.m 

180°round 

H 
180°round 

y2 

• 
}4  cup  silky. 
Irregular  silky. 

ii 

]4  cup  silky. 

5/26 

7/22 

it. 

18"  sq. 

.26 

.94 

Pull  cup  silky, 
14  cup  silky. 

44 

5/28 

18"  sq. 

it 

.23 

.73 

44 
4C 

Deep  cup  silky. 

7/22 

180°round 
1" 

4/18 

18"  sq. 

t( 

.24 

.54 

}4  cup  silky. 
Silky. 

7/22 

180°round 
1" 

4/2.S 

18"  sq. 

tt 

.27 

.86 

Perf .  cup  silky, 
}4  cup  silky. 

7/22 

2S.830.000 

180°  round 

H" 

30. 830. 606 
180°round 

180°round 

1" 
180°round 

'30.860.666 
180°round 

1^ 

180°  round 

1" 

4/23 
10/22 

18"  sq. 

.24 

Full  cup  silky, 
}4  cup  tilkj'. 
silky. 

" 

%  cup  silky. 

ii 

7/27 
10/22 

18' 

sq. 

tt 

.24 

%  cup  silky. 

Irreg.   silky. 

44 

%  cup  silky. 

7/20 

18" 

sq. 

it 

.20 

\4  cup  irreg. 
Perf.  cup  silky. 
Imp.  cup  silky. 

10/22 

28.8.30.000 
180°  round 

114" 
180°round 

'28.900.666 
180°round 

1" 
180°round 

1" 

'36.260.066 

180''ronnd 

^" 
180°round 

M" 
'2'9'.'920'.C)C)6 

4. 

14  cup  irreg. 

.5/13 

10/22 

18" 

sq. 

tt 

.24 

44 

Irregular  silky, 

44 

it 

}4  cup  silky. 

7/30 
10/22 

18" 

sq. 

t 

.22 

%  cup  silky. 
}4  cup  silky. 

fc( 

14  cup  irreg. 

7/23 

18" 

sq. 

.18 
.29 

%  cup  silky. 
Deep  cup  silky. 
Irregular  silky. 

40.710, 

1 
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CAMBRIA  STEEL,  ROLLED  AT  TRENTON— ANGLES  USED   IN 

TENSION. 


■s 

o 

12; 

63 

11/14 

u 

(( 

9/15 

(4 

11/14 
9/29 

6775 

11/14 
9/29 

6776 

11/14 

6765 

4i 

(( 

'' 

4( 

I' 

9/29 

14 

(( 

(t 

11/14 
10/1 

6786 

l( 

Ll 

11/14 
10/3 

6795 

ti 

(I 

o 
c 


3"  L  17.7  lbs 

(;     44  14 

"  "25.3 
%.  round 


Z"  L-33.2  lbs 
Ji  round 


3"  L  33.2  lbs 
5^  round 


.6"X6"LX%" 

4b 

6"X4"LX%" 

((  Li 

%  round 


3"  L  28.0  lbs 
Ja  round 


3"L-281bs 
%  round 


D..C 
3!  C- 


341  42 
3.52!  42 


44'; 


810 
040 
940 
620 


47.000 


469  43. 

48. 


am 


ii  o 


^• 

Cl-l 

00 

o 

.-^ 

2 

w 

c    . 

B 

.-■S;» 

.2 

o«; 

1 

r?  V 

sn 

t- 

'-<; 

o 

V        1 

W 

«     I 

478 


464 

488 
530 
547 


.507 


515 


710 


630  20 
021)  20 
800 1 23, 
5.50  22 

.5.50 


641.7 
3  44.4 
5  42.6 
5  51 . 5 


35.052.4 


49.790 


.050 
.470 


.50.470 


560 

820 
.7(K) 
.210170 
.160  72 


870  21 
530  22 


8,41.0    T 


.0 
r. 300  24.2 


.8(X)25, 
.830  24. 

.620 


.900 
.920 


25.5 


.560:25 
200  24 


47.160 


.010 
.920 


49.610 


..301) 
.260 


.50.970 


50  2:l 

.8.50 


.990 


20.8 


.1.30,22.] 
9 


710 

870 
..510 


75.. 510 


23. 

18.8 
21.7 

23.8 


45.5:  C 


44  5 

46.7 
45.5 

46.5 

44.2 
35.3 
45.1 
39.0 
48.6 

49.5 

49.3 
42.9 

41.9 

41.6 
.35.0 

40.0 


o 

o 

tc 

T. 

a 

hH 

O 

6£ 

0) 

si 

C8 

■£ 

^ 

s 

U'''  sq. 

Ingot 

.28 

:'' 

7"  sq. 

Ingot 

.25 

.95 

~"  sq. 

Ingot 

44 

.22 

:''. 

Remarks. 


14"  sq. 
Ingot 


14"  sq. 
Ingot 


14"  sq. 
Ingot 


,21 


.18 


.24 


.59 


Silky  at  45°. 
cupped. 

at  45°. 

irregular. 
Silky  irregular 
E -.30.600.000. 
Silky  cupped. 

partial  cup. 
Silky  partial  cup. 

E-=  30.080.000. 
Silky  cup. 

"    partial  cup. 
Silkv  partial  cup. 

E-:30.59O.(X)0. 
Silky  cup|)ed. 

"    »/,|,-angular. 
Silky  cupped. 


"    cup. 
Silky  irregular. 

E -=30.460.1  KX). 
Silky-%  angular. 


.83      "    irregular. 
, .  .iSilk  irregular. 
E=^29 .600.000. 
Silky  cupped. 


■^ 


"      irregular. 
Silky  cup])ed. 
E  =29. 690. 000. 
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In  the  following  tests  on  rivet  steel,  the  first  four  were  made  at  mill  on  % 
rouud,  from  ingot. 

The  other  tests  were  made  at  sliop  at  Athens  on  the  regular  rivet  bai-s. 
The  3"  square  billets  were  rolled  into  rivet  material  at  Pencoyd  Mills.  All  the 
rivets  tested  in  this  lot  came  from  the  heats  4685  and  4637,  but  as  rivet  bars 
had  no  heat  numbers  stamped  on  them  they  could  not  be  identified  closelj^ 

PENNA.  STEEL  CO.'S  STEEL,  ROLLED  AT  PENCOYD— STEEL  RIVETS, 


■*J 

c" 

'J.  c? 

i'  6< 

^ 

3 

;3 

~=c 

u"' 

•- 

s 

—  ^ 

^■5. 

OJ 

t^ 

jS. 

o  o 
^  « 

o 

—  o 

9 

a 

d 

s 

'11 

1/) 
O 

Hil 

inateS 
cli. 

4J     . 

83  ^ 

S 

.a 

3 

Remarks. 

a 

O) 

^tt-, 

u 

-C.W 

W  P_  ^ 

0& 

54.3 

r  M 

03 

cS 

ft 

l-M 

m 

.500 

H 

•— . 

63 

28.5 

n 

O 

.10 

.40 

6/5 

4635 

%  round 

46.370 

61.310 

18"  sq.  Ingot. 

]4  cup  silky. 

i.i 

" 

Wi 

.495 

45.700 

61.340 

26.7 

.55.1 

if 

4637 

Lk 

.525 

44.550 

61.650 

27.5 

48.7 

fcb 

.11 

.44 

II 

(C 

*fc 

k( 

.525 

43.940 

61.650 

26.4 

48.8 

t( 

K 

6/24 

%  round 

.594 

24.300? 

56.230 

.33.4 

64.3 

4i 

.      .  , 

.603 

:27.2(KI 

59.200 

30.0 

62.0 

6/5>6 

%  round 

.443 

25.300? 

59.600 

30.0 

64.1 

Specimen  not  treated. 

kt 

.443 

28.200 

.59.140 

31.3 

64.1 

6/27 

^^ 

.447 

.38.500 

59.060 

28.8 

62.9 

' '      reheated  then  air  cooled . 

*'■ 

fcC 

.44.5 

34.800 

.57.900 

30.0 

61.3 

bt           (.              tk 

6/29 

.... 

.443 

26.840 

.55.080 

29.6 

60.9 

annealed. 

*^ 

l.b 

.441 

26.. 500 

.54.4(«l 

30.6 

63.9 

" 

6/26 



tt 

.438 

29..iOO 

73.500 

15.6 

62.1 

"      heated  bright  red  then 
quenched  in  water. 

.439 

28.000 

74.260 

"                "              "     broke  in  jaw. 

6/27 

.443 

45.1l«) 

73.100 

15.3 

.59.1 

;«                           ifc                        LL 

(( 

It 

.4,38 

52.050 

75.200 

63.7 

(L                                     lb 

It 

.1 

BENDING  TESTS. 

%"  round  Eods— Cherry  red— then  quenched  in  water;  nicked  and  bent  liroke  at  60°;  without 
nicking  bent  double  around  }4"  round,  no  crack. 

%"  round  Rods— Bright  red— then  quenched,  bent  double  around  }4"  round,  no  crack. 
%"  round— 2  pieces— Bright  red— then  quenched,  bent  double  around  Va"  round,  no  crack. 
%"  round— 2  pieces— Bright  red— then  air  cooled,  bent  double  around  >/'  round,  no  crack. 
%"  round— 3  pieces — Bright  red— then  air  cooled,  bent  double  around  }4"  round,  no  crack. 

When  tested  with  file  no  perceptible  difference  detected  between  quenched 
and  air  cooled. 


PENNA 

.  STEEL  CO.'S  STEEL,  ROLLED  AT  PENCOYD 

-STEEL  RIVETS. 

- 

^^       Ii"     V       1 

a 

0 

^. 

u 

s 

t^ 

^ 

s 

o 

i-^S     ii  s 

0 

s  . 

a 

» 

~    i-ie  a 

c; 

5  S 

0 

i 

^• 

S 

!» 

o 

"^ 

«5 

VJ 

w 

Remarks. 

o" 

"  9 

«  2 

o 

ei 

ill  tli 

C3 

a  03 

^0 

0 

C3 

C3 

» 

ai: 

ii: 

~(^^ 

■:^^a 

Cob 

o<5 

5  M 

^ 

3 

o 

W 

OJ 

<5 
.531 

a 

'^ 

a 

« 

P5 

0 

S 

8/6 

4767 

%  round 

42.220 

60.610 

27.5 

49.7 

1 

.09 

.35 

•• 

*' 

.513 

42.380  60.500 

28.3 

.53.3 

•     14769 

.523 

40.87(1  62.0(Ml  27  5 

,51.1 

C3 

.08 

.43 

" 

Li 

.512 

41.650  61.840  27.8  53.2 

0 

8/17 

4775 

.496 

41.270  63.190 

28.5  56.6 

c:     ■ 

.10 

.42 

»• 

*" 

.5lH) 

40.7.50  63.360 

28.5.55.6 

f        -? 

^* 

4777 

.497 

39.260  60.400 

29.3.55.9 

.09 

.35 

fct 

.  k 

.505 

38.970.59.670 

27.8,54.9 

1         «3 

4779 

.505 
.497 

38.910  59.7.50 
38.730  59.. 530 

30. 5! 55. 2 

28.8.56.1 

0 

,09 

.37 

•* 

4782 

.475 

37.780  .58.590 

28.8  60.1 

.10 

.48 

<i 

Lb 

' 

.498 

.38.2.50  58.980 

28.8.56.1 

8/ 

%  ;; 

.4.54 
.605 
.605 

39. IKKI  61.200 
38. 8< to  59.900 
37..3(KI.58.2(KI 

28.4  63  4 
30.8  66.3 
30.0,67.6 

1       .=  X  -  52 

Full  cup  ^^ilky. 

9/21 

II 

... 

Mti.    :: 

.600 
.597 

35.500. 58. 4(K) 
36.300.58.800 

28.4 
32.6 

68.5 
67.2 

1     .£^SS 

8 

11 

1 
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KENTUCKY 


AXD    INDIANA    BRIDGE. 


CAMBRIA  STEEL, 


ROLLED  BY    CAMBRIA— SPECIMEN  TESTS  ON 
EYEBAR  STEEL, 


ym//Mm/////7iim7m 


I 


m/////// //////////// ///////f  ^  g. 


\ 


f  No.  1.  Edge  of  bar,  i^"  skin  planed  oil. 

I    "  -f-.  Between  edge  and  center. 

-|    "    2.  Centre  of  bar. 

I    '■    3.  Edge  of  bar,  %"  skin  planed  off. 

L  "    4.  Edge  of  bar,  skin  left  on. 


\/////// J/ ////////// ///////////A  -^  3       In  all  si)ecimens   wkltli   equals  thickness  of  bar, 

"^Jf  excej)!  tliose  marked  *,  wliich  were  turned  vip 
round.  The  four  tests  from  Heat  No.  6891,  marked  *,  were  from  same  bar  as 
those  immediately  preceding. 


4-> 

. 

ki 

.a 

^ 

tt-i 

*b 

x> 

a) 

6£ 

— 

o 

3 

*^ 

«J3 

t*. 

^ 

"2 

^" 

J 

So 

o 

S. 

o 

3^, 

■S^ 

s 

P3 

Modulus  and 

o 

c 

kJ  a 

2d- 

o*^ 

"5 

, 

£> 

Remarks. 

«■ 

4,P 

_0  1-l 

as 

S  c3 

o 

% 

a 

c 

^ 

03 

GJ 

&c 

ii 

StK 

ii  ft 

Ooo 

o< 

SB 

s 

cS 

<a 

fi 

03 

»J 

W 

D 

c^ 

M 

t-H 

o 

y 

S 

7/2 

6324 

3XM 

622 

41.480 

75.240 

23.7 

.34.7 

No.  2 

Vs  Crvstalliue. 

fcfc 

It 

%  round 

628 

41.080 
47.860 

75.160 
75.910 

26.1 
23.1 

46.0 
43.3 

No.  1 

Silky. 

18"X18" 

Ingot 

.20 

.66 

6.325 

b( 

4x;y,e 
%  round 

47  7-'(> 

7.-.  Trw) 

22.5 
•'3  7 

41.4 
39  6 

E=30  080  000 

7/2 

eii'-ii.  7m  71.800 

608  40. 800, 70.. 560 
...  47.590,75.500 

No.  1 
No.  2 

Va  Crystalline. 
Silky. 

23.1 
22,5 

45  6 



6/11 

40.6 

.20 

.60 

5/11 

...  47.350,75.270 

23.0 

38.5 

E=30. 260.000 

7/2 

6339 

SX'Vas 

484  40.7OT 

75.200 

24.4 

47.7 

180°    round    2" 

No.  1 

Silky. 

'■ 

479  43.800 

72.9{X) 

25.6 

41.1 

No.  2 

i^  Fine  crj'stal 
specks. 

5/16 

%  round 

45.820 

73.400 

2:^4 

39.3 

18"X18" 

Ingot 

.21 

.68 

fcb 

6:^41 

SXlVie 

591 

45.3.30 
42.100 

72.610 
79  300 

22.7 

90  9 

38.7 

'?9  8 

14()°-br()ke 

E=29.600.000 

7/3 

No.  1 

%  %  Silky. 
Crystalline. 

t( 

(4 
M  round 

591 

42.600 
48.890 

79.700 
78.420 

19.6 
22.0 

"4  3 

No.  2 

4i 

5/16 

.39.3 

18"X18" 

Ingot 

.22 

.87 

fcL 

6.290 

6X1 

49  IfiO 

78.8.50 
69.730 

22.4 
26.3 

37.7 
65  5 

180°  round  \W' 

E=31.410.0OO 

7/1 

6.59  38.. 550 

No.  1 

Silky. 

ifc 

^^ 

" 

706  36.800 

65.650 

25.1 

.56.1 

No.  4 

** 

(( 

ti 

M  round 

611  3S  9.50 

76.760 
72.700 

26.3 

24.8 

52.5 
45.2 

No.  2 

4/2St 

43.710 

18"X1S" 

Ingot 

fc( 

6391 

7X1% 

45.200 

72.500 
77.950 

25.1 
13.3 

45.2 
13.3 

140°-brol, 

e. .   . . 

E =29. 290. 000 

7/2 

592  39.870 

No.  2 

Broke   near   jaw. 
Completely 

crystalline. 

It 

11 

(( 

(( 

,594 
632 

39.900 
.37. 3(H) 

76.200 
69.940 

12.0 
24.4 

11.8 
.38.6 

No.  2 
No.  1 

^* 

i( 

60^  Crystalline. 

tt 

6391 

7X1%        * 

630  3ti.8()0 
444  41.440 

69.2<.)0 
77.200 

24.3 
23.1 

44  9 

No.  3 

No.  1 

30ri 

7/7 

48.4 

150° -broke 

Fairly  eilky. 

ifc 

''*■ 

.i^"        * 

.448 

4l).tjv;0 

76.7m) 

2;^.o 

43.1  

1 



No.  3 

" 

it 

k( 

li            « 

.445 

38. 2(H) 

72.91K) 

22.3 

36.8 



No.  2 

14  Crystalline. 

lb 

(fc 

i(            * 

.445 

38.4(H) 

72.990 

24.5 

36.8 

No.  2 

30^       " 

«/l 

ib 

94  round    . . 

46,630 

77.630 

22.7 

42.2  18"X18" 

Ingot 

.27 

.55 

tfc 

bl 

6473 

6589 

.... 

46.170 
49.620 
49.7.30 
47.910 

76.940 
76.990 
75.970 
73.670 

21.7 
24.2 
23.6 
23.3 

4;3.2 

43.9 

E=28. 750.000. 

6/23 

i( 

*>« 

.57 

44.8 
44.8 

E=30. 170.000. 

7/29 

.23 

.77 

7/30 

6469 

48.310 
49.. 560 

74.510 
74.780 

22.8 
20.9 

46.4' 

6/19 

.35.1  18"X18" 

lugot 

.25 

.58 

'•'■ 

6794 
6790 

bi 

.50.470 
46.340 
46.8(X) 
49.160 
49.160 

7'4.,560 
69.750 
69..5(H) 
74  180 
75.1(H) 

20.4 
23.9 
24.8 
22.1 
24.5 

35.1 
44  5 

It 

E=29.140.(XH). 

10/8 

.19 

.50 

43  5 

E— 29.840.000. 

10/2 

42.9 

.23 

.84 

42. 9| 

E=29.840.000. 

6/18 

6461 

(( 

48.670 

69.420 

24.0 

46.2  18"X18" 

Ingot 

.20 

.57 

fcfc 

46.820 

69.190 

25.9 

48.1 

E=30. 7.50.000. 

I 


MOULTON    ON    KENTUCKY   AND    INDIANA    BRIDGE. 


157 


SPECIMEN  TESTS   ON  EYEBAR  STEBh.— Continued. 


o 

^ 

o 

-1^ 

al 

<u 

n 

W 

03 


c 

i^ 

^ 

^^ 

(^ 

a) 

s. 

'-4-3 

■" 

o 

-4J 

g-fl 

■w. 

0 

S-i 

o 

p. 

!»"- 

a 

•l-l 

1  rT 

OS 

(»  d* 

s.-^ 

-«£ 

gi 

«m 

Oqo 

<a«t< 

<1 

W 

t3 

H 

K 

a 


O 
Ml 
S 


oi 

(U 

a 

S 

5fl 

03 

03 

03 


Modulus 

and 
Remarks . 


10/22 

6589 

7/29 

l(. 

7/30 

tt 

10/22 

it 

22^? 

7/3 

it 

6570 

10/22 

7/23 

6567 

ti 

(( 

U 

10/22 
8/8 

6617 

it. 

tl 

(( 

10/22 
8/1 

6597 

it 

t£ 

it 

10/2C 

1 

6X1% 


%  round 


3XM 
5X11^ 

7XlVi6 
4XlVi6 
%  round 

4X"/i8 
%  round 


*.499  40.000  73.100 


t.668 
*.499 
t.619 
*.500 


*.450 


3X1^     |t.621 
\i  round 


6X1% 
%  round 


7X2Vi, 


t.552 


t.626 


47.910 

48.310 
48.630 
45.400 
.39.  KX) 
34.900 
38.500 
46.920 
45.750 
40.200 
47.9 

48.200 
38.. 50(1 
47.530 


48.. 530 
39.500 
45.710 

46.880 
34.700 


73.670 

74.510 
74.510 
74.900 
74.2(X) 
69.6CK1 
74.700 
71.790 
70.940 
74.900 
75.180 

74.950 
69.600 
72.900 


72.460 
•4.. 300 
0.330 

1.030 
64.900 


23.8  50.5 


23.3 


44.8 


46. 

42. 

12. 

1  .52. 


.4 


.60°b'ke 


18"   sq. 


2  170°  r'd  2'/b'ke 
0 


50. 

49. 
39. 


42. 


18"    sq. 


18"    sq. 


18"    sq. 


.23 


.22 


,24 


.22 


180°  r'd  1"  b'ke 
18"    sq 1.20 


.63 


.91 


.6; 


.57 


Specimen  . 975 X. 642 


29.600.000 


30.260.000 


29.760.000 


29.130  000 


29.530.000 


1.^  cup  silky 
ed»es,  pit- 
ted center 

I  r  r  e  g  Q 1  ar 
silky. 


Not  broken. 
%  cup  silky. 

%        " 
M        " 

ti 

%        " 
I  r  r  e  g  u  I  ar 
silky. 

i/g  Clip  silky. 
Nearly  per- 
fect  cup, 
silkyi 

V^  cup  silky. 
I  rregular 
silky. 

M  cup,  % 
crystalline 
on  skin 
edge,  re- 
m  a  i  n  d  er 
pitted. 
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In  the  tests  for  eyebars  (table  opposite  page  128),  the  full  sized  bars  were  or- 
dered to  Athens.  From  each  bar  a  piece  18"'  long  was  cut,  from  which  the  spec- 
imen tests  were  planed  out  with  location  in  bar  as  shown  by  sketch  and  marks 
carried  out  against  the  tests. 

Then  the  long  bars  were  cut  in  two  and  eyebars  made  from  them  for  test.  In 
case  of  3"xf"  and4"x||"  bars,  this  was  done  with  both  pieces  of  bar  and  in  other 
cases  only  one  eyebar  was  made  from  each  size.  Hence,  it  will  be  seen  that  the 
chain  is  complete,  viz.,  f"  round  tests  of  ingots  at  mill — specimen  tests  of  the  fin- 
ished bar  from  outside  and  center  of  bar  and  finally  the  test  of  the  completed  eye- 
bar  made  from  same  bar. 

It  is  to  be  noted  that  the  small  eyebars  tested  at  Fairbanks  &  Co.  are  off  from 
same  original  bar  as  those  of  same  size  sent  to  Edge  Moor,  although  the  excesses 
in  sectional  area  of  head  are  different. 

Eyebars  No.  1  to  No.  6  inclusi<re,  were  submitted  in  accordance  with  the  specifi- 
cations, and  were  tested  at  Edge  Moor  Iron  Works.  Eyebars  No.  la  and  No.  2a 
were  experimental  bars  sent  to  Fairbanks  «fc  Co.  for  test  by  Union  Bridge  Co., 
having  less  excess  section  in  the  eyes. 

Eye  bar  No.  7  was  a  regular  eyebar,  which  when  inspected,  showed  presence 
of  a  cold  shut  in  neck  and  was  rejected. 

Experiment  was  made  at  blacksmith  forge  to  eliminate  the  defect,  and  the  ap- 
pearance of  the  bar  indicated  that  the  work  was  successful.  To  test  the  method 
however,  the  bar  was  reannealed  and  sent  to  the  Keystone  Bridge  Company  and 
broken,  with  results  shown  in  table.  The  inspector  was  given  special  instruc- 
tions to  note  appearance  of  repaired  spot  during  and  after  test,  but  no  defect  was 
detected. 

Eyebar  No.  8  was  a  steel  lateral  bar  with  upsets  and  an  iron  sleeve  nut.  This 
bar  was  not  made  specially  for  test. 

Eyebars  No.  9,  No.  10  and  No.  11  were  selected  at  random  and  not  made  for 
testing. 

The  specimen  tests  given  in  table  from  heats  6589,  2:244  (?)  6570,  6567,  6617, 
6597  and('?)  and  are  on  steel,  made  and  used  lor  eyebars  of  which  no  full  size  eye 
bar  tests  were  obtained. 

The  following  tests  show  the  results  of  imposing  an  initial  strain  of  20,000 
lbs.  per  sq.  inch  on  a  car  load  of  eyebars  in  accordance  with  specifications.  The 
bars  were  carefully  tested  in  the  Keystone  machine.  This  specification  Avas  sub- 
sequently waived  and  no  more  such  tests  made. 


TESTS  (1N  FINISHED  EYEBARS. 
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10/lT 

itiec 

S/19 


Befobb  Test. 


03S4 

am 
eui 

(129<) 
IMOl 

6Ji4 


Jx'"/„ 

|5X"Vm 

xl'A. 
»xi 
rxl« 

8x« 

IX'Vi, 


Long  end. 

0469 
671)4 
0790 


Length. 


Pin- 
hole 
A. 


Pin- 
hole 
B. 


9'-a«" 
7'-;i"/,," 

7'-9'./,/' 

O'-iW' 

7'-0Vi." 

8'-2"/,," 
8'-l%» 


I8.S2" 
5.77 

a.at 

7.27 
7.87 


4..'iS 
I  0.78 


'-9Vi."       4.02 


3X'V„ 
5X1'/„| 
SXlVi. 
6X1V,. 


^% 


W-i" 
W-i" 


3.02 

I  .^).02 
I  r..s2 

I  .5. .12 


7  *^7 

7:i7 

4.52 
0.78 

5.02 

3.02 

4.52 
6.52 
5.52 

2.31 
.■).33 
4.11.1 
li.illl 
IJ.oo 


2.30 
8.29 


Sectionai,  Areas. 
Etb  a. 


W. 


3.75 
5.07 
7.00 
9.211 


3.15 
4.87 


2.44  2.48|  4.78 

5.31  4.43|  7.44 

5.94  !4.09'  9.19 

U..5I)  !5.90    9.85 


%  Ex 
cess. 

62.3 
52.3 
41.4 
.Vi.:) 
411.1 
38.2 


95.9 
40.1 
54.7 
50.2 


Ete  B 

E'.     W.    ' 

2.10   3.75 
3.00    5.08 
4.00    7.0lt 

4.%  s.ai 

4.70    8.70 
7.34,13.41 

1.72 
2.47 

3.25 
4.74 

8.25 

5.44 

2.48 

4.70 

4.08 
4.91 
5.08 

7.+! 
10.13 
9.86 

Ex- 
cess. 


a  . 
^  p. 


Hole 


1 


62.3  41.700  74.400   0..3I" 
42..3fl0  72.1{Xl,  II. .51 

41.4  ;iH.lKlo'71,S(lo    i>..i8 
.-)3,5    44.4nlirR..-<«l    11.09 

45,0    38.3IH1  05. 100 

37.2    37.!"HMil.300    0.58 


41.3 
44.0 


92.0 

40.1 
70.5 
50.3 


311.001 
30  490 


00.823    0.52 
04.720,  0.02 


41.0011 
40.300 
40.00(1 


700,  0.25 

0U.40o'  0.50 

114.000  0.63 

'0.340  0.50 


APTEK  Test. 


Elongations. 


Hole 
B. 


0.34' 
11.38 
0.70 
11.01 
0  .14 
0.05 

0.48 
0.80 

0..38 

0.19 

0.47 
0..50 
0.38 


Length. 


7'-IV' 
.5'-«" 


ao'-o" 

IC-O" 
lO'-O" 


1    i  ill 
Lensth 

I       L. 


l'-3M" 
O'-ll',',.' 

iv-iiVn' 

O'-ll'/ ij' 
ll'-3" 

iy-35«" 
I'-OM" 

<y-7ii" 


0'-7M" 
2'^" 

I'-ll" 

l'-8H" 


13.7 

n.5 

!2.1 
12.2 
0.4 
0.4 

14.0 
11.8 


10.1 

11.7 
11.9 
10.5 


Area  of       ^  of 
Fracnire    Orif,'inai 
Sq.  Inch.      Area. 


1.28 
1.89 


1.20 
1.9 


2.58 
3.07 
5.94 


44.0 
43.3 
41.0 
40.1 


51.5 
48.3 
9.5 


Distance 
from  hack 
of  Pin- 
hole F. 


3'-3U" 
I'-ll"' 
l'-0)4" 


l'-9«" 
3'-5>4" 

Short  end 
l'-4V;" 
7'^2a" 


character  of  Fracture. 


V^cup,  silky  edges  

Full  cup.  silky  edges 

^  finely  crystalline.  %  silky 

Silky  cup 

Eye  end  opened,  coarsely  crystalline. , 
No  fracture 

Fine  silky 

Irregular  silky  edges 


Silky  cup.  showing  one  separation 

Silky  cup 

Silky  center,  fine  granular  edges 

Square  across,  finely  granular  throughout. 


Modulus 

of 

Elasticity: 

Pounds. 


28.154 
30.4IG 


Remarks  on 

Original 

Bars. 


Remarks  on  Tested  Bars. 


pinned, 


pS    Opened  crack  J^"  deep  on  end  of  EyeA 

1^   cold  shut  in  Eye  A  opened 

~  IFrncture  started  in  initial  crack  on  outside. . 
Machine  unable  to  break 


1  3  t>  Heads  showed  no  cold  shuts. . 


1  I  »s- 

ll-^Wf  Sp. 


Where  Tested. 


JSdge  Moor. 


Fairbunke,  N.  Y. 
Keystone. 


Screw  threads,  0}^"  diam.,  uniiijurcd,  slfpve  nut  easily  unserewed. 


I 
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INITIAL  TESTS  OF  EYEBARS  WITHIN  THE  ELASTIC  LIMIT. 


0 

^1 

s 

0 

Size  of 

C 

l-H 

0 

4-» 

Pins. 

. 

C3 

•-         . 

■•*- 

i 

c 

S 

0 

Remarks. 

1— ( 

-^ 
(«-■ 

■«-3 

Cm 
0 

«  d 

1.1 

■ii? 

-t-3 

C 

C.5 

A. 

B. 

as 

0  ^ 

^1 

Q 

1 

» 

K-? 

3^ 

5K 

< 
4.00 

P^ 

.13.55 

s 

10/9 

LiMi 



4X1 

W-4" 

','0.000 

29  520.1X10 

NoiK'imaneiit  set. 

(( 

.1 

•' 

bk 

44 

'* 

.1353 

29.347.0(X) 

t. 

«< 

i: 

" 

(b 

c; 

4k 

(4 

.1.3(m 

29.282.(H)0 

" 

t( 

" 

It 

*' 

(( 

44 

44 

.1373 

29.133.(XI0 

tt 

10/7 

L3M3 

4X% 

3^ 

4M 

3.50 

(4 

.1330 

30.(1(17.110(1 

" 

10/10 

l( 

((, 

44 

44 

.132-2 

3(l.257.(KXI 

{. 

10/7 

L5M5 

4X?^ 

3>^ 

4>^ 

3.50 

44 

.1312 

30.49(1.00(1 

'* 

10/1(1 

Li. 

•C 

;( 

It 

44 

44 

4i 

.132t) 
.1390 

30.1 67.  (XH) 

28.777.000 

tt 

10/7 

a 

t( 

(4 

li 

(4 

44 

.1367 

29. 261. (XXI 

a 

10/8 

L^M, 

4X"/32 

3^ 

4^ 

3.37 

44 

.1319 

30.337.000 

(; 

(fc 

.4 

(( 

t( 

(4 

44 

.1315 

30.417.000 

10/10 

ik 

41 

(4 
4; 

4C 

.  1318 
.13.58 

30..349.(X)0 
29.456.000 

Heat  No.  6461.     Speci- 
men test    E=.30,750',- 
[(XXI. 

44 

10/S 

L9M9 

4X  27/32 

3J^ 

4^ 

3.37 

4( 

.1.357 

29.478.000 

44 

10/10 

It 

(I 

44 

(4 

.  1325 

30.190.000 

44 

10/8 

Lii  Mil 

4X  ^Vss 

3)^ 

« 

3.37 

44 

44 
44 

.  1305 

.1326 

30.651.(X)0 
30. 167.  (XXI 

.4 

10/10 

Li3  Mi3 

4X% 

(1 

33f 

4^ 

3.50 

4{ 

4( 
44 

.1327 
.1.350 

30.143.000 
29.26n.(XX1 

44 
4( 

10/7 

'• 

^* 

(t 

14 

44 

4; 

.1337 

29.917.0(10 

4( 

CI 

" 

it 

(; 

44 

41 

(4 

.1310 

30. 534.  (XXI 

44 

10/7 

Ll5  ^M5 

4X% 

nx 

4% 

3.50 

(4 

.1328 

30.120.000 

44 

'^ 

4X  =^V32 

i7 

3.37 

44 

.1350 

29.632.000 

SPECIAL   TESTS. 

Tests  on  Full  Size  Steel  Posts. 

The  following  tests  were  made  on  posts  built  from  drawings  used  for  members 
actually  in  structure. 

The  "  Tension"  post  was  an  exact  duplicate,  as  nearly  as  can  be  produced  in 
a  shop,  of  four  now  in  the  260  feet  anchorage  spans,  which  were  proportioned  to 
take  alternate  tension  and  compression. 

The  "  Compression  "  post  is  the  duplicate  of  the  upper  section  of  double  length 
posts  u.^ed  in  the  Draw  span,  but,  in.stead  of  ending  at  the  splice,  the  latter  was 
put  in,  and  part  of  lower  section  extending  from  splice  to  center  of  middle  pin 
was  added  and  the  post  made  flat  ended  at  that  end,  the  half  pin  hole  being  omitted. 

In  the  table,  the  values  of  modulus  of  elasticity  were  computed  after  receiving 
the  report  from  Watertown. 
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POST  MADE  FROM    TENSION  STEEL— AVEIGHT,  2,062  LBS. 

PINS    IN    HORIZONTAL   POSITION. — PLATE  XX. 

Length  center  to  center  of  pinholes,  276". 07. 
Giiuged  length  along  center  line  of  web  plate,  150". 
Test  No.  4.217.     Sectional  Area,  13.16  square  inches. 


Applied  Loads. 


o 


15,000 
20,000 

40.(MIII 
6(),(K»0 
80,000 
100,000 
110,000 
120.(KH) 
1.30,000 
140,000 
150,000 
160,(XX1 
170,000 
18t),000 
190,000 
200,000 


210,000 
230,000 
230,000 
240,000 
250,000 

260.000 
370,0(H) 
280,0(H) 
290,000 
300,000 

310,000 
320,000 
330,000 
340,(M)(1 
3.')0,000 
360.0(KI 
3rO,(HH) 
380,(K)0 
390,(KH) 
400,000 


410,00(1 
420,(100 
430,0(1(1 
44(1.(10(1 
■1.50,00(1 
460,0(10 
470,00(1 
4H(.I,(K)0 
490.(KI0 


.")00,(K)(l 
.")0."j,(KIO 
510,(K((I 
51.5,(KK1 
513,(H(0 
515,(XKl 


.")00.(HKi 
440,000 


p. 


J3 


1,140 

1..520 

3,040 

4..JB0 

6,080 

7,600 

8,360 

9,120 

9.880 

10.640 

11,4(K) 

12,160 

12,920 

13,()80 

14,440 

1.5,200 


15,960 
16,720 
17,480 
18,240 
19,0(K) 

19,760 
20,.52O 

21,280 
22,040 
22,800 

23.560 
24,320 
25,080 
25,840 
26,6(H) 
27,360 
28,120 
28,H(M) 
29,640 
30,400 


31,1.50 
31,910 
32.(iro 
33,430 
.34.190 
34,9.50 
35.710 
30,470 
37,230 


.37,990 
3H.370 
38,7.50 
39,130 


In  traiiged 
leiiglh. 


Durtec- 
t  ions  at 
middle  " 


S.S 
6 


CD 


0 
.0014 
.0095 
.0180 
.0263 
.0345  .twos 
.0389 
.0427 
.0469 
.0.511  ... 
.0.5i>4l... 
.0.596 
.0640 
.0684 
.0726 
.0770  .0016 
Set  ^ 


.0812 
.0855 
.0898 
.0941 
.0984 

.1025 
.1068 
.1109 
.11.53 
.1195 

.1235 
.1279 
.1323 
.1365 
.14121 
.14.56' 
.1.503 
.1.549 
.1600 
.1646 


.1702 
.1748 
.1749 
.1854 
.1920 
.1980 
.2045 
.2120 
.2205 


.0024 

Set  -i- 


.0044 
Set  •+ 


.0180 
Set  -K 


0 

0 

0 

0 

0 

0 

0 

0 

.01 

.01 

.02 

.02 

.02 

.02 

.03 

.03 

0 

.04 
.04 
.05 
.05 
.05 

.05 
.06 
.01) 
.06 
.06 
.02 
.(Mi 
.07 
.07 
.08 
.09 
.09 
.10 
.11 
.12 
.13 
.04 

.14 
.15 
.16 
.18 
.20 
.23 
.25 
.30 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.02 

.02 

.02 

.02 

.02 

.03 
.03 
.04 
.04 
.04 

.04 

.04 

.04 

.04 

.05 

.03 

.05 

.05 

.05 

.06 

.06 

.(Xi 

.06 

.(XJ 

.06 

.0' 

.06 

.09 
.09 
.10 
.10 
.10 
.11 
.12 
.13 


.35  .16 
.151  .11 


.43 

..50 

..57 1 

.65 

.70 

.83 

l.Of) 

1..58 

2.. 50 


.17 
.20 
.23 
.24 
.26 
.32 
.33 
.37 


o 
O 


£^- 


162.860.000 

48.040.00111 

38.(HIO.0((O 

.34.677.(KIO 
33.044.(K10 
32.240.000 
.32.040.000 
31.6lM).{H)0 
31.2.33.(M)0 
.30.867.000 
.30. 605.  (N 10 
30.281.000 
30.(X)1.0(K) 
29. 834. (KM) 
29.612.000 


29.484.000 
29.337.0(H) 
29.2(Xl.0(i0 
29.077.000 
28.962.000 

28.929.000 
2S.822.0(X) 
28.7S3.0(Hl 
2H.674.(K)0 
28.(J20.(KX) 

28.618.000 

28.. 522.  (M  HI 

28.436.(HX 

2K.39S.(K)0 

2.S.2.5H.OO(l 

28. 187. (KM) 

28.0()5.00() 

27.89(.).(H«) 

27.7S7.(KMi 

27.702.(H)0 


27.4.53.000 
27.38:i.(MH) 
28.019.(HM) 
27.04S.(MM) 
2((.7ia.(HM) 
2tl.t77.(HM; 
26.192.(HH) 
25.805.(KH) 
25.326.(KK) 


Remarks. 


.0014  Initial  load. 

.0081 
.  I K  )S5 
.(KI83 
.0OS2 
.(HM4 
.0038 
.0042 
.(K142 
.0043 
.(H)42 
.(HX54 
.(K)44 
.IX»42 
.0044 


.(H)42 

.IH)43! 
.(M)43; 
.(H)43l 
.0043 

.0041 
.0013 
.(M)41 
.0014 
.(H)42 

.0040 
.0044 
.0(M4 
.(H)42 
.(M)47 
.0044 
.(MM7 
.(H)46 
.(M)51 
.(M)4() 


Permanent  movement   of    eyebar 
ends,  A=.02",  B=.00i^". 


Movement  of  eyebar  ends  under 
load,  A-.02",  B=.t)0i^". 


.00.56 
.(H146 
.0001 
.0105 
.(MM)6 
.(H)60 
.(HM)5 
.(H)75 
.008: 


Snapping'sonnd. 

Under  load,  A=.03",  B=.0OJ4". 


Permanent  movement   of   eyebar 
ends,  A=-.02",  '&=.m}i". 


Under  load,  A=.06",  B=.aii4". 


Permanent  movement   of  eyebar 
ends,  A=.04",  B^.OO^". 


Ultimate  strength. 


Post  failed  li.v  buckling  the  eyebar  sections  at  end  A  opposite  the  outside  ends  of  the  side  plates 
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POST  MADE  FROM  COMPRESSION  STEEL— WEIGHT,  1,803  LBS 
Pin  in  Vertical  Po^jition.— Plate  XX. 
Length  centftr  of  pinhole  to  outside,  286". 57. 
Gauged  length  along  center  line  of  upper  web  plate,  150." 
Test,  No.  4,318.     Sectional  area,  13.95  square  inches. 


Ai)plietl  Loads. 


4(1,  CMK) 

(;(i,(KX) 

H(i,0()0 

KHl.OtlO 

110,000 

1  a  1.000 

130,000 
140,000 
150,000 
16O,0(XI 

110,000 

180,0(XI 
]90.0(Xi 
~»0(i,(X10 
:31O,O00 
22O,0C)0 
•.>30,0(X1 
•-'40.000 
'250.000 
3()O,O0O 

aro.txxi 

280,000 
290.000 
300.000 
310. 0(X) 
320.  OtX) 
.330.000 
340.000 
3.50.000 
3(iO.000 
370.000 
380.000 
390.000 
400.000 
410.(X)0 
420.000 
430. 0(X) 
44O.0(X1 
4.50.000 
460.000 
470. (XX) 
4S0.(XX1 
4'.t0.000 
.500.  (KX) 
5I0.0tl0 
.520.000 
.530.  (XX) 
.540.000 
.5.50.000 
.500.000 
.570.  (KXJ 
.580.000 
.590.000 
.597.  WO 
.5(10.000 
3.30.  (XX) 


1.540 
3.090 
4.630 
6.180 
7.720 
8.490 
9.270 
10.040 
10.810 
11.. 580 
12.3(50 
13.130 
13.9(X1 
14.(i70 
15.4.50 
16.220 
16.990 
17.7(iO 
18.530 
19.310 
20.080 
20.850 
21.620 
22.. 390 
23.170 
23.940 
24.710 
25.480 
26.260 
27.030 
27.8(X1 
28.570 
29.340: 
30.120J 
30.890 
.31.6(i0| 
32. 430 I 
.S3.210i 
33.980, 
.34.7.50' 
.35.. 520' 
36. 290 I 
37.070 
37.810 
38.610 
39.. 380 
40.1.50 
40.930 
41.700 
42.470 
43.240 
44.020 
44.790 
45., 560 
46.147 


In  gauged 
length. 


a 


P.5 


0 

.0019 
.0101 
.0182 
.0263 
.0343 
.0378 
.0419 
.0458 
.0500 
.0540 
.0582 
.0623 
.0664 
.(/705 
.0746 
.(3785 
.0827 
.0868 
.0910 
.0951 
.0995 
.  103S 
.1080 
.1124 
.1167 
.1212 
.1266 
.1297 
.1345 
.1.390 
.1434 
.1479 
.1.529 
.1.575 
.1622 
.1674 
.1724 
.1768 
.1825 
.1871 
.1929 
.1985 
.2034 
.2093 
.2149 
.2211 
.2278 
.23.33 
.2390 
.2465 
.2.540 
.2690 
.2787 
.2915 


a 

.-a 

02 


.(J003 


,0001 


.0001 


.0035 


.01.38 


Deflec 
tions  a 
middle 


o 


0 

0 

0 

0 

0 

0 

0 

0 

0 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.01 

.01 

.01 

.01 

.01 

-.02 

-.05 

-.10 

-.21 

-.40 

-.a5 

-2.30 


0 

0 

0 

0 

0 

0 

.02 

.02 

.03 

.03 

.04 

.04 

.01 

.04 

.05 

.05 

.06 

.06 

.06 

.06 

.06 

.06 

.(Xj 

.06 

.06 

.06 

.06 

.06 

.06 

.06 

.04 

.04 

.03 

.03 

.03 

.03 

.05 

.05 

.05 

.05 

.06 

.06 

.04 

.04 

.03 

.08 

.03 

-.02 

.01 

.01 

.01 

0 

-.01 

-.02 

-.03 

0 

0 


E. 


121.579.000 
45.891.000 
.38.159.(HJ0 
35.247.000 
33. 7(i  1.000 
.33. 691.  (XX) 
.33. 186. ()()() 
32.88i.(.)0() 
32.4  0.000 
32.167.000 
31.8.56.(XX1 
31.613.0(X) 
31.4(X).()0( 
31.213.000 
31.066.IK)0 
30. 994.  (XX) 
.S0.817.0(X) 
.30.691.000 
;30.544.CXK) 
.30.458.000 
.30.271.0(X) 
30.1.30.()(^K1 
3L1.028.(XK1 
29. 880.  (XX) 
29.781.000 
29.629.000 
29.277.000 
29.468.000 
29.286.000 
29.169.000 
29.079.000 
28.976.000 
28.783.000 
26.686.000 
28.. 567. 000 
28.370.000 
28. 216. (XX) 
28.176.000 
27.929.000 
27.860.000 
27.621.0(X) 
27.423.1100 
27.3.3S.0OO 
27.119.000 
26.9.50.000 
26.716.000 
26.438.000 
26.316.(X)0 
26.172.000 
25.843.000 
25.. 536. 000 
24..546.1X)0 
24.107.fK)0 
23.444.000 


o 

o 


.0082 
.0081 
.0081 
.(-)080 
.0035 
.0041 
.(X)39 
.0042 
.0040 
.(K142 
.(X)41 
.0041 
.0041 
.(X)41 
.lX)41 
.(X)42 
.0041 
.0042 
.0041 
.0044 
.(X)43 

xm-i 

.0044 
.0043 
.0045 
.0054 
.0031 
.0048 
.0045 
.0044 
.0045 
.00.50 
.0046 
.0047 
.0052 
.00.50 
.0044 
.00.57 
.0046 
.(X158 
.00.56 
.(X)49 
.00.59 
.00.56 
.0062 
.0067 
.00.55 
.00.57 
.0075 
.(H)75 
.01.50 
.0097 
.0128 


Remarks. 


Initial  load. 


Deflection  set?. 
Horizontal  Vertical. 
0  0 


.04", 


.03". 


.01". 


Snapping  sounds. 


Ultimate  strength. 


Sudden  deflection  ■ 


Post  failed  by  deflection  in  a  plane  perpendicular  to  the  plane  of  the  axis  of  the  pin. 
The  deflection  increased  gradual!}' until  the  horizontal  movement  reached  -.85"  when  the  post 
rapidly  deflected  to  2.30".;  in  the  meantime  the  web  i)lates  and  angles  buckled  on  the  concave 
side  at  a  distance  of  8  feet' from  the  pin  end. 

Pinholes  elongated  .02"-r 
Correct,  J.  E.  Howakd.  F.  H.  Parker, 

Major  Ordinance  Dept.,  U.  S.  A., 
Commanding. 
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Mon/roX    ON     Ki:Xll(  KV    AXO    IXDIAXA    TiHIDOK 


SPECIMEN  TESTS  OF  STEEL  IN  TENSION  POST. 


~ 

Zi 

•=  X       tij: 

.5 

o 

as- 

1 

£ 
o£ 

02 

4- 

o 

« 

1  a  s  t  i  c  Liin 
Ponnds  per 
Inch. 

Itiniate  Stren 
Pounds  per 
Incli. 

55c 

o 

1 

1      ^ 
^          c 

'J.                    *' 

S         £   ■ 

Remarks. 

Q 

6653 

a: 

-<    w       ;- 

'^ 



51.2 

O 

S            ^ 

12  21 

2>irx2^yV,6  angle 

.294.3  45.300  78.320 

15.8 

....  28.814.000 

Specimen    Vie    thick. 

Fractnre      irregular. 

Silky. 

6X1^  bar 

44(i5  35.S3.!;i.l.jO 

25.0 

38.8,.... 

1 

....  27.715.000 

Specimen    from    crop 
end    turned    up    J4" 
round. 

tc 

.44(i5  38.470  78.1(10 

23.3 

39.8 

....  29.043.000 

Specimen      from    bar, 

turned  up  ;v"  round. 

Fracture— silk}'    edg- 

es—pitted center. 

-t)  C8 

.1 

^i  round.  Iiiirot  test 

.4:i:5r, 

4'.i.3t;o  r~'.  120 

23.8  44.2    ... 

Very  irregular— silkv. 

.i 

.4330 

48.13(1  72. 4a) 

24.!) 

51.1 

.18 

•?    29.290.000 

12/21 
■8/19 


6738 


1880 
1/28.4341 


1885 


2,'12, 


2XX2>;xVi6a"gle 
'}!  round.  Ingot  test 


llX-ViePl- 
round.  Ingot  test 


COMPRESSION  POST. 

,28fi5-l(i.2n0l73. 9-20  25.3  57.4'. 


.130.285.000  Fine  silky  cup. 


.4317  51.7(10183.510  18.4  30. 5|    .34|   .68;... Silky    at     45°— crystal 

1  spot. 

..!29.840.000 


.4394 
.614 


51.210t83.730  Hi. C.  20.8 

I 

59.900!81.600    (1.0    (i.2 


48.206 


52.000 


84.035'23.2 
85.65o!23.3 


40.4 
37.9 


86.740  21.9|40.3 


.31 


.78 


Machine     could 
I    break. 


noi 


Tested  at   Fairbanks 
,     Phi  la. 
Tested   at    Carnegie's 

Pgh. 
Tested  at  Steelton. 


The  above  tests  on  specimens  of  steel  used  in  the  two  posts  appear  somewhat  anom 
alous.  but  this  may  be  due  to  tlie  cases  where  crop  ends  only  were  available  foi 
specimenp,  and  to  the  sometimes  imperfect  action  of  the  grips  of  testing  machines  01 
very  thin  specimen.'^.  The  record  i.s  offered,  however,  as  received  from  iiTspectors  wh( 
made  all  the  tests  independently  of  each  other. 

The  following  tests  were  made  to  ascertain  if  crucible  steel  castings  had  pro- 
gressed to  the  point  of  excellence  in  small  pieces  to  permit  their  substitution  for 

difficult  and  costly  forgings. 

It  was  suggested  to  the  writer  to  use  llicni  for  clevises, and  a  set  of  sample  clev- 
ises were  made  by  the  Pittsburgh  Steel  Casting  Co.  The  results  were  not  en- 
couraging, as  shown  in  table  of  tests,  but  it  is  to  be  hoped  tliat  in  the  near  future, 
honeycombing  may  be  eliminated  by  the  use  of  some  device  to  produce  artiticial 
pressure  enough  to  force  out  tlie  imprisoned  gases,  and  small  steel  castings  be 
produced  as  perfect  as  tlie  many  large  ones  daily  turned  out. 

Iron  clevises  were  finally  used,  tests  having  been  made  on  samples  of  the  sizes 
required  in  the  structure,  witli  results  as  shown. 
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MOULTON    ON    KENTUCKY    AND    INDIANA    BRIDGE. 


SPECIMEN  TESTS  OF  STEEL  PINS  ("TENSION"  STEEL). 

Tests  marked  Skia  were  cut  as  near  outside  as  possible. 

Tests  marked  Center  were  cut  at  center. 

All  specimens  turned  up  round. 

9^4  and  l}^"  pins  forged  from  11  inch  square  and  10  inch  square  l)looms. 

All  other  pins  rolled  in  gothic  rolls  from  7"X8"  blooms. 

Those  marked  *  have  ingot  test  shown  elsewhere  with  tension  plates. 

Steel  made  by  Penna.  Steel  Co.  and  pins  made  at  Carnegie's. 


SB 


S3 


11/27 

8/10 

11/27 


11/28 


11/30 


0/.O 
11/28 


8/(! 


o 
15 


4732* 
4778 


4776* 
4780* 


4868* 

ii. 
H 

4776* 
4772* 
4649* 
4644 

U 

4774* 
4740 


2}i"  round 

2%"  round 

Ingot 

3%"  round 
5^"  round 


4%"  round 
6%"  round 


6^8 "  round 

6%"  round 

6%"  round 

Ingot 
7X"  round 

9,Vi"  round 

it 

Ingot 


p. 


Oi/2 


c  a 


s-S 


S    3" 


.5026  39.940 

.mn  41.170 

.4331);  47. 770!  78 
.4336  49.020  78 
.5026  38.655  69. 
.50.52,38.756169 
.5052  4 1.680 1 65 


SB 

B 
O 


500  25.0  44.7 
100  24.0  46.9 


220122.8 
190  22.5 
.6 


40.1 
39.1 

48.7 


970  jl 

730  24.5  45.3 

710  20.0.30.0 


.5115  38.840  69.795 
.5140  41.090  65.480 


23.0 

18.8 


.5166,38.595  70.130  23.1 
.,5001  39.730!69.880  22.0 
.50.39  41.095  66.650  20.0 


..5166 
.5140 


38.760 

42.850 


.5089.39.790 
.5039,41.0.35 


70.480 
07.490 

69.8;M 
67.490 


26.3 
18.0 

26.9 
16.3 


.5178  38.760  72. 540|25.0 
.5115  41.080  67.490  19.5 


.4.525 
.4.525 
.4976 
.5064 

..5039 
.5026 

.4371 
.4.371 


48  190 
49.500 
41. 920 
39.040 

40.840 
38.8f)0 


46.4 
30.8 


Skin 


Skin 

Skin 

Center 


.22 


Same 


Skin   I    c 
Center  f  1  ^^""^ 


.52.3       Skin      j 

52.5       Skin   I,  {  ea,„„ 
24.71    Center  f  I  ^"™^ 


.50.6 
39.3 

.53.7 
24.7 

45.4 
43.4 

40.5 
40.5 


74.920  23.5 
75.280  25.5 
72.370  30.3  53.6       Skiu   ( 


Skin   / 


Center 


- ;  Same 


Skin   I 
Center  f 

Skin  ( 
Center  j 


67.510:18.1  30.4 


71.980  26.8 
65.470  17.5 


47.200  70.320  24.5 
47..540  70.280  24.3 


54.5 
29.8 

46.0 
44.1 


Center 

Skin   I 
Center  f 


Same 


Same 


.30 


Same 


Same 


.20 


Remarks  on  Fracture. 


.58 


Pin 
Pin 


Pin 
Pin 
Pin 

Pin 

.76 


Pin 

Pin 
.58 


Pine  silky. 
Part      " 


Fine  silky. 

Irregular— part  silky. 

Square  with  granular 
center. 

Shallow— part  silky. 

Jagged— part  silky— cen- 
ter granular. 

Fine  silky. 

S  q  u  a  r  e  —  g  r  a  n  u  1  a  r 
throughout. 

Fine  silky. 

Irregular  —  center  gran- 
ular. 

Shallow — part  silky. 

Irregular  —  center  gran- 
ular. 

Fine  silky. 

Shallow  —  center  pitted 
and  granular. 

Fine  silky. 

At  45°  silky. 

Fine  silky. 

Edges  silky — center  gran- 
ular. 

Fine  silky. 

Edges  silky  — center 
coarsely  granular. 


} 


SHEARING  STEEL  PLATES. 

The  following  tests  were  made  to  determine,  if  possible,  the  damage  done  to 
steel  plates  by  shearing  the  edges,  and  to  ascertain  whether  planing  off  J"  from 
the  sheared  edges  removes  tlie  injury  to  the  plate. 

The  specimens  were  prepared  as  indicated  in  sketch  and  table,  straightened 
without  hammering  and  broken  in  50,000  lb.  Olsen  lever  machine  at  Athens. 

"  It  was  not  p()ssil)le  to  note  the  depth  to  which  the  shearing  affected  the  mate- 
rial, by  inspection  of  tiie  edges  before  breaking,  nor  by  any  ditlcrencc  in  the  frac- 
ture after  pulling;  the  fracture  was  in  every  case  but  one,  entirely  silky.  One 
specimen  mainly  crystalline,  was  silky  on  the  sheared  side  as  noted  in  the  table." 

Steel  made  at  Penna.  Steel  Co.'s mills  and  rolled  at  Elinira  llolling  :\Iill.  Slabs 
14J"xU  '  and  U".  Steel  same  grade  as  used  in  structure,  made  under  same  spec- 
itication. 
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Shetchy. 


S^ 


Sr7^e,.   sU^i£Li'(i'<^^  c/7^.' 


S2> 


Jx 


2k 


0 


Sx 


'  Y^--  pUurr^<i.<Z>  <y/V; 


4x 


t;. 


^. 


<-_-i- 


7P> 


-^    - 


rs" 


S4) 


a. 


—  c 

o  c 

s. 


O  at 

-       o 

,S 

aSi: 

■w.       = 

OJ 

W  c 

S- 

o 

Q) 

*•-•  u 

S^' 

MS  =2 

o 

o  cj 

a)  c_2' 

o 

C) 
-5J 

3 

■£ 

O 

03 

Remarks  on  Fracture, 


Ix 


1  edge  sheared, 
other  planed. 

Both    edges 
planed. 

Both    edges 
planed. 

1  edge  sheared, 
other  jilaned. 


|1  edge  sheared, 
then       planed 
}4",  other  edge 
planed. 
2x  |B  o  t  h     edges 

!    planed. 
SxlBoth    edges 

j    planed. 
4x  Same  as  Ix. 
4561 1  Ingot  test. 


Ix 
8x 
3x 
4x 


S4 
4976 


Treatment  same 
as  in  other 
specimens  of 
same  marks. 


JH 


^5- 
x_ 


?V"  round 


I  J 

xi 

-I 


1  edge  sheared, 
then  planed 
%",  other  edge 
planed. 

Ditto. 

Ingot  test 


?i"  round 


.3843 
.3936 
.3924 

.3862 

.3860 

.3948 
.3924 
.3875 


.4383 

.4348 
.4328 


.4310 

.4288 
.4308 
.43t)8 
.4308 


.4:35(1 


.4300 


42.270 
41.410 
41.890 

43.240 

41.210 


.600 

.91(1 

.290 
.670 


47.450 


24() 
060 


41.070 


68.030 
66.060 
67.670 

67.580 

68.000 


24.4 
25.7 

16.0 

24.0 


68.000  23.2 

68.430  23.5 

68.130|23.5 
74.570  25.9 


•4.. 370 


19.1 


72.920  23.1 
72.650  21.6 


49.8 
54.4 

29.4 

49.6 

49.8 

49.1 

.53.1 
55.6 

36.2 

52.1 
49.1 


74.23016.2  31.0 


43.611)  74. 6.30123.1 '50. 3 
44.330  73.800  23.1 1 46. 8 
44.8()0i75.2(X)J20.5  50.2 
43.640175.430  22.2  51.9 


45.370  75.270  23.0  39.6 


46.290 
50.770 


75.800  19.6  51.2 
76.650  22.5  52.0 

I         1 


.22 


M 


Not  complete! J'  broken. 
Silky.  Broke  in  lamination. 

Silky.  Sheared  at  45°.  Broke 

4"   from  grip.    Broke    %" 

from  end. 
Silky.      Broke   on    sheared 

edge,  first  starting  to  tear 

in  many  places. 
Silky  at  45°. 


A  little  crooked— laminated. 

"     "       "    silky  irregular. 

"       "      "      "    cup-flne. 
Silky — part    crystal.   Break 

started  on    sheared  edge, 

broke  with  more  snap  than 

Vie"  pieces. 
Silky— concave— 10;«  crystal, 

broke  3"  from  grip. 
Ditto. 

Irregular     silky — part     line 
■    crystal— break    started  in 

many   points    on  sheared 

edge",  broke  2"  from  grip. 
Silky    cup— part    very    fine 

crystal. 
Irregular  cup,  dull    center, 

broke  3"  from  grip. 
Ditto. 
Irregular    cup,    fine    silky, 

broke  3"  from  end— small 

lamination  in  center. 
Very  irregular— fine  silky. 


.24 


Irregular— part  fine  crystal. 


1  ■"! 
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Ix 


Treatment 
same  as 
in  other 
specimens 
with  same 
marks. 


I 
2x 
3x 
4X 

4790  Ingot  test. 


1 


Treatment 
same  as 
in  other 
specimens 
with  same 

I  marks. 


Ix 
2x 
3x 

4x 
4340-Ingot  test. 


1 


Treatment 
same  as 
in  oth  er 
specimens 
with  same 
marks. 


2.x 


■^'■^ 


x| 


%    round 


SX 


00 


®    -I 


x3 

-4X 


Ix 

2x 

3x 

4x 

One  edge 
sheared 
and  then 
planed  f" - 
other  edge 
I  planed. 
S4X      Ditto. 

4340jlngot  test.  ?^    >"oiind 


Ix 
2x 

.3x 
4x 


Treatment 
same  as 
in  other 
sjiccimens 
with  same 
marks. 


x 


;i40|Ingot  test.  9^  round 


•x 


s  « 

^» 

xS' 

s 
t 


.40'.); 


.4G.3' 

.4693 

.4812 


.4656 

.4681 
.4696 
.4666 


.3968 


.3968 
.3906 

.3869 


.3906 
..3918 
.3869 
.3869 


.4466 


.4365 
.4.345 
.43*3 


.4333 
.4354 
.4369 
.4358 
.4330 


.4330 


.4781 


,4636 
.4649 
.4634 


.4.584 
.4607 

.4642 
.4601 


53.tH.K)(:-.) 


39.901 
41.330 
47.290 


41.230 

41.600 
42.. 50;) 
43.540 
50.770 

48.760 


47.370 
48.130 

49.740 


.50.700 
46.960 
48.070 
48.900 
52.340 
49.490 


48.570 
48.790 
51.220 


48.2,50 
47.320 
48.060 
47.060 
.52.. 510 


74.720114.1  28.5 


73.3c0l25.6 
73..5.50i]6. 
75.330  12.5 


72.60022.7 

70.90n;26.0 
71.700,20.8 
73.190  20.4 
76.6,50  22.5 

•5.1(X)'l5.5 


■5.1(X) 
74.900 

75.220 


75.660 
74.780 
75.230 
74.630 
81.260 
72.820 


23.4 
25.9 

13.8 


22.5 

23.0 
28.9 
20.8 
22.3 
11.0 


74.470  21.9 
73.880I23.3 
74.600  14.2 


74.460 
73.830 
74.150 
74.580 
78.080 


.52.050  78.540 


.52.340 
60.780  (?) 


39.710 
41.300 
51.790 


40.790 
41.040 

41.170 
41.080 

52.;340 


81.260 
74.500 


25.2 

28.5 
24.6 
24.6 
20.5 


23.5 
22.3 
21.2 


.57.3 
50.3 
21.9 


44.6 

55.6 
50.7 
54.1 
.52.0 

23.8 


42.9 
44.2 

20.4 


44.6 

46.1 

44.8 

40 

41.3 

19.4 


45.1 
,50.0 
2;i.9 


74.120  24.2 


74.320 
74.4.50 


74.1tK) 
73.150 

73.600 
74.450 

81.260 


24.3 
20.6 


44.9 
44.9 
42.9 
48.8 
49. 


47.8 
41.3 
18.1 


48. (i 
49.6 
11.6 


.24 


.27 


.85 


27 


24.2  50.2 


23.5 

25.5 
23.7 

22.3 


36.0 

,52.6 
44.4 

41.3 


.85 


At  45°  silky— broke  from 
sheared  edge— bent  in 
testing. 

Half  cnp— silky— regular. 

a  (;  .. 

Bent  in  testing— broke  3" 
from  end  with  oblique 
sheared.    Silky. 

Irregular   cup— silky— trace 

very  line  crystal. 
Cup  silky. 
Irregular  silky. 


Very  rough  sheared.  Silky, 
irregular  bent  in  testing. 
Break  started  on  sheared 
edge. 

At  45°  silky. 

A  little  crooked— irregular, 
very  silky. 

Very  rough  sheared.  Broke 
suddenly  at  45°— silky. 
Started  breaking  at  shear- 
ed edge. 

Started  on  planed  edge  at45'> 

silky. 
Piece  a  little  crooked.   Part 

cup  silky, 
l^iece  quite  crooked.  At  4.5' 

silky. 
Piece  a  little  crooked.  Very 

irregular  silky. 


Sheared  very  rough— inter- 
mediate seam — crooked — 
started  in  dent  on  sheared 
edge.  Silky  at  4.5°. 

.Silky  at  4.5°. 

Broke  in  hollow  spot  on 
sheared  edge— oblique 
fracture  silky. 

Irregular    silky— broke     in 

punch  mark. 
Part  cup— fine  silky. 

Broke  1"  from  grip,  irreg- 
ular silkj'. 
At  4.5°  silky. 

Irregular  cup  silky.  Began 
tearing  on  sheared  edge. 


Irregular  cup  silky, 
tearing. 


bent  in 


•Sol 


I{ough  piece  with  seams  94 
crystalliiu!  towards  planed 
side. 

Partial  cup— part  crystalline 

Flat  cup  silky. 

Sheared  rough  with  seams 
broke  iu  seam.  Klastic 
Limit  taken  with  di- 
viders. 

Silky— regular. 

"        irregular— traces    of 

crystal. 
Cup  silky. 
Half    cup    silky— broke    in 

punch  mark 
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HAMMEHING  STEEL  PLATES. 

^    '  4 

h 

3 
3 

A 

1  X 

J        1 1 

,           '           ,  J    ^ii.nxuiy^cL' 

1 

B 

\          ^     1 rttitrr — \o^ 

1 

\          C 

1 

1 

>          1 

1 1  O            1 

1 

1 

t      1 

— 1  •*  > 

C 

— 1  /i-\ 

1 

Plate  cut  up  into  parts  A,  B,  C  aud  C. 

A.  Hammered  while  hot.  (Heated  between  dull  red  plates.)  After  hammer- 
ing and  cooling,  part  up  to  dotted  line  was  reheated  and  cooled  in  ashes  between 
two  hot  plates. 

B.  Normal  plate,  not  hammered. 

C.  Hammered  while  cold.  Part  up  to  dotted  line  afterward  annealed  as  in 
case  of  A. 

C.  Hammered  cold.      Not  annealed. 

Plate  originally  buckled  as  indicated  in  shaded  parts.  Hammered  only  enough 
to  straighten  out. 


- 

a 

••~  m 

-c  S 

t^ 

"S 

o 

^t 

Ob 

o 

^  «• 

•S  o 

£u 

o 

1885 

m 
« 

Ol-H 

=3  a" 

o 
o 

Remarks  on  Fracture. 

No.  1 

OS 

24X% 

.3.58 

52.200 

tJ 

22.1 

Pi 
39.9 

9/18 

85.900 

Slightly  laminated. 

>fc 

"    1 

" 

5(5.700 

8(5.300 

22.9 

47.7 

;i 

'•    2 

.3.5S 

55.8(HI 

90.1(M1 

17.3 

46.1 

Part  cup  silky. 

■^ 

"    S 

,3.57 

.55.200 

90.300 

17.5 

36.4 

'•    "        ** 

IL 

"    3 

.357 

m.m) 

89.6(X) 

IS. 6 

37.6 

Bi'oke  near  edge  of 
annealed  portion. 

il       a            11 

it 

"   3 

i; 

56. 0(^) 

88.200 

18.1 

36.7 

"           '• 

a      (4            it 

it 

"    4 

.3(50 

51.900 

87.000 

21.9 

40.8 

Slightly  laminated. 

t£ 

"   4 

.3(51 

50.900 

8(5.  KM) 

19.8 

34.3 

((. 

"   5 

.359 '52. 9(10 

8(5.300 

1(5.2 

44.0 

Part  cup  silky. 

(b 

"   .5 

.3(53  55.100 

88.100? 

16.2 

38.3 

(t 

"  ol     " 

.3(54  .53.(5011 

,S5.0(K) 

20.6 

35.4 

Slightly  laminated. 

■' 

"  6!      " 

.303  .53.700 

H5.400 

21.6 

47.6 

b .                                 .  t 

Tested  at  Athens. 
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HAM.MERING  STEEL  PLATES. 


Test  pieces  Nos.  3  and  3-f-  taken  off  wlicu  plate  was  in  normal  condition. 
Plate  then  heated  to  cherry  red  and  bent  }.,"  out  of  plane.  Hammered  plate  till 
it  was  entirely  covered  with  hammer  marks.  Test  pieces  Nos.  2  and  S-j-  then 
cutoff.  Plate  then  annealed  by  placing  between  two  other  plates,  II4"  thick, 
heated  to  dull  red.  All  covered  with  ashes  and  cinder  and  leftover  night  to  cool. 
Test  pieces  Nos.  1  and  1+  then  cut  off. 


6 

S  «■ 

J3  •• 

c 

«^ 

1 

0) 

^1 

s  s 

s 

0 

-4J 

0    OQ 

•~  0 

Hl-I 

0 

a   ^1 

OJ   OJ 

£p-( 

0    i 

a 

5  ^' 

a  Coo 

4-> 

33 

'H  ^ '                         Remarks  on  Fracture. 

4) 

0 

.as 

oi        C 

sr^i 

0   , 

S  03 

a 

OJ 

tv: 

03  cr 

■"ftPLl 

»■< 

188.5. 

S 

t/2 

< 
.4.57 

p£|tC 

45.700 

tJ 

18.1 

42.0 

9/26 

No.  3 

30X% 

71.. 500 

Broke  at  surface.   Sla;?  pit  section  measurement 

necessarily  inaccurate. 

*^    3+ 

tl 

.43.3 

48.000 

72.11X) 

18.1 

38.0 

Badlj'  pitted  on  one  side.    Calipered 
average  as  possible. 

as  near  an 

"   2 

LI 

.389 

37.600 

70.700 

22.5 

.53.7 

Pitted  aurface  planed  of. 

"   2+ 

ti 

.389 

37.500 

22.1 

47.8 

n 

"    1 

(4 

.398 

.315.  UK) 

66.800 

20.3 

49.8 

it. 

(  t. 

'■    1+ 

fc4 

.389 

35.500 

65.900 

19.6 

46.0 

11 

Tested  at  Athens. 

The  foregoing  tests  were  made  at  Athens  and  were  occasioned  by  an  accident. 

A  long  plate  26"xg-"  had  come  in  from  mill  with  several  buckled  spots  in  it,  and 
the  men  in  the  yard  took  it  to  the  platen  and  hammered  them  out  without  the  fact 
being  noticed. 

On  observing  the  hammer  marks  on  the  plate  afterwards,  when  being  bolted  up 
in  its  proper  member,  the  writer  had  the  member  laid  aside,  hammering  cold  be- 
ing distinctly  specified  against. 

The  urgent  need  of  completion  of  the  member  in  question,  and  impossibility  of 
replacing  the  plate  under  three  to  four  weeks,  and  thus  delaying  the  erection  of 
the  l)ridge  that  long,  made  it  a  .serious  affair  if  the  plate  must  be  rejected. 

To  decide  the  matter,  the  tests  recorded  above  were  made  and  as  a  result  the 
plate  allowed  to  go  into  the  member,  which  was  a  chord  section-strained  in  com- 
pression. 

The  writer  desires  at  tliis  time  to  acknowledge,  with  due  appreciation,  the  hearty 
co-operation  of  the  Union  Bridge  Co.,  in  hisendeavors  to  make  such  tests  as  were 
necessary  to  arrive  at  true  c(mclusions  in  all  cases  of  doubt,  and  trusts  that  the 
results  have  proved  as  satisfactory  to  them  as  to  himself. 

Also  to  record  his  satisfaction  at  the  care  and  painstaking  efforts  of  the  several 
inspecting  engineers  engaged  with  him  in  the  work  to  obtain  proper  material  and 
workmanship,  and  in  carrying  on  the  special  tests. 
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PLATE  XIII. 

TRANS,  AM.  SOC.   CIV.  ENG'RS. 

VOL.  XVII,  NO.   365. 

MOULTON  ON 

KENTUCKY  AND    INDIANA    BRIDGE. 


PLATE    XIV 

TRANS.  AM.  SOC.CIV    ENGRS 

VOL  .XVII    NO  365. 

MOU  LTON     ON  THE 

KENTUCKY  &  INDIANA  BRIDGE. 


7*07'f/t>n  Of  the, 

o/zLo  itiuei: 


■* Oi''ecfron  <^ Cdjrrenfi  otiieft^rc/ 

or777ei/ium Htq/)  W     £(.  I2S 

•* Otrecfi'on  ffCttJ-^c^tit  ohiervcd 

of  low  r/Q/t-y- Bl-  I06 


Ohi 


lo 


^ZVe 


^e^\ 


.,..-        '^-     '     .-f-""" 


I 


7^ 


^  .S  STT  f8S3. 


Sfftf^yogi'Ci^pK    s/toyyVTZff    /^t-se'v  Ah2d  o/'  Ohio  Kx-z/cT 
at  jBT^c^ey  «Sz5a   /*r©wt.    tTan.  /*^  /S?S  to  ,7lcZ^  f^/^Sf^. 


PLATE   XV 
TRANS    AM.SOC.CIV   ENGRS 

vol. xvii  h°  365 

mou  lton  on  the 

Kentucky  &  inoiana  bridge 


'■# 


I 


♦ 


Kenmclu)  aiia  IndJajia  3ri/Jfle, 

/>/V«     OfJ'Sfv      or      M£-5S/J-5     C  /^tCOO/Vf/LV      -Ofia-     £     H£fi18£»L£. 
(BUILT  ) 


PLATE  XVI 

TRANS    AM    SOC  CIV   CNC^ns. 

VOL    XVII   NO  36S 

MOULTON     ON  THE 

KENTUCKY  &  INDIANA  BRIDGE. 


jf/l  Icfuls  oJtcC  7ejultcn.(/  ^//ejsej-  ffioen  (/i  i<r/t,s  erf  Zeiooids  .    jt/l/uatef 


/6Q'o    iUSf£ND£D    •S^.^N- 


'TWW^f^f 


rno    n^nmr. 


a^auraoLJL^ ir ^ 


-I 'Jf i ii- 


i%o  lt^\r         IJfS 


J,S         it^o         i^-^is-       i-^r  m.p  7^.5-         fj- 


TTfUSR  f^A/CL   LOJiO.^    *.tiUM€0    OfV    7hf  CnOfir,        _j_ 

J3;. ^       *  "  " ± '   H',rT„m    « L 


vrz  H 
ivit/ti 


'/inl  s-fee/ unless  oe/ie/wure  /nar/tea  .     In  jpeuu uhe/ri/vti  MUSetX,  //Vfi nui/ifieci  I,ecnc(J&el^. 


SQf**'3Ci0'0      CArvrtL£ve/^ 


ao    o  — , 

-io  o—i, 

-3.C    o_. 

y^"  o--. 

-io   0  _-.ao    0  ^ 

^  30   c  -^ 

-«     0-^ 

"  "  ^ 

7t)t>   £.*T£ftALS 

K. 

•J^ 

^^■(       H^  ^    'y 
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DISCUSSION  ON   THE   KENTUCKY  AND  INDIANA 

BEIDGE." 

J.  W.  ScHAUB,  M.  Am.  Soc.  C.  E. — The  paper  of  Mi-.  Moultou  on 
tlie  Kentucky  and  Indiana  Bridge  is  a  valuable  record  as  to  the  results 
of  tests,  etc.,  and  it  is  to  be  hoped  that  Mr.  Moulton  will  supplement 
his  paper  so  as  to  discuss  some  of  the  salient  features  of  this  remarkable 
engineering  structure.  The  novel  and  intricate  systems  of  cantilevers 
are  the  work  of  the  late  Mr.  C.  Shaler  Smith,  to  whom  Mr.  Moulton 
gives  just  tribute.  A  similar  arrangement  of  cantilever  spans  are  now- 
being  built  by  the  Union  Bridge  Company  at  Poughkeepsie,  N.  Y. 

Mr.  Moulton  says:  "No  unusual  problems  joresented  themselves  in 
the  design  excepting  those  natural  to  the  system  of  web  members,  and 
the  series  of  cantilever  spans  continued  to  &uch  an  unusual  extent." 

As  I  am  somewhat  familiar  with  the  methods  of  computation  em- 
ployed by  Mr.  Hemberle,  and  the  details  used  in  the  construction  of 
this  work,  I  Avas  naturally  disai^pointed  in  seeing  Mr.  Moulton  omit  a 
discussion  of  some  very  important  features.  The  changes  made  in  Mr. 
Smith's  original  plan,  as  to  the  style  of  trusses,  depth,  etc.,  possess 
many  advantages  as  to  economy  of  design;  and  this,  in  connection  with 
the  use  of  the  Launhardt  formula,  as  employed  here,  permitting  much 
higher  unit  strains,  made  a  vast  diflfereuce  as  to  the  final  cost  of  the 
superstructure.  However,  it  will  not  be  out  of  place  to  discuss  some 
of  the  marked  differences  in  the  two  designs.  Mr.  Smith's  plan,  which 
provided  for  a  floor  riveted  between  vertical  posts,  possesses  many 
advantages  over  a  floor  suspended  from  the  lower  chord.  It  is  only  nec- 
essary to  examine  the  two  kinds  of  floors  when  in  use  to  be  convinced 
of  this  fact.  However,  in  the  Kentucky  and  Indiana  Bridge  the  floor 
beams  are  screwed  uiJ  against  the  lower  chord,  making  a  rigid  floor  if 
properly  screwed  up. 

*  Transactions,   Vol     XVII,   page   111    (September,   1887).      The    Kentucky    and  Indiana. 
Bridge,  by  Mace  Moulton,  M.  Am.  Soc.  C.  E. 
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The  use  of  a  tight  fitting  pin  at  the  intersection  of  the  web  members 
in  the  trusses  was  here  used  ostensibly  for  the  purpose  of  shortening  the 
compression  memT)ers  by  one-half  their  total  length,  and  considering 
them  as  fixed-ended  where  they  are  held  l)y  the  diagonals  at  their  inter- 
section. To  be  sure  this  is  correct  as  far  as  our  principles  of  statics  go; 
but  it  is  easy  to  see  that  distortions  must  take  place  in  the  web  members 
themselves,  as  soon  as  a  load  comes  on  a  structure  framed  in  this 
manner.  For  example,  let  us  suppose  the  trusses  to  be  framed  with  a 
camber  when  there  is  no  strain  in  any  member.  This  is  equivalent  to 
laying  the  trusses  flat  on  the  ground.  The  web  members  now  intersect 
at  some  point  below  where  they  would  intersect  if  the  trusses  had  no 
camber.  Now,  when  the  load  is  put  on  the  truss,  the  chords  assume  their 
normal  position.  The  point  of  intersection  must  rise  until,  finally,  when 
the  entire  camber  is  taken  out  of  the  trusses  the  members  will  have 
assumed  their  normal  positions,  provided  the  web  members  are  not 
fixed  to  each  other  at  their  point  of  intersection.  Where  they  are  held 
as  in  the  Kentucky  and  Indiana  Bridge  they  will  only  tend  to  assume 
their  normal  positions  and  consequently  distortions  must  take  place.  I 
would  like  to  know  from  Mr.  Moulton,  what  is  the  maximum  difi"erence 
in  the  length  of  the  upper  and  lower  sections  of  the  diagonals  in  the  360 
feet  span?  Knowing  this  difference  it  is  easy  to  calculate  the  theoretical 
movement  of  the  intersection  of  the  diagonals  during  the  transition  from 
camber  "to  no  camber  in  the  trusses.  This  difi'erence  would  represent  the 
total  movement  that  would  take  place  if  the  intersection  were  not  fixed 
and  the  eye-bars  had  no  sag. 

Furthermore,  a  member  held  at  any  point  is  not  necessarily  fixed- 
ended  at  that  point  unless  it  is  in  some  way  prevented  from  assum- 
ing a  line  of  double  curvature  under  compression,  thus  : 
Is  it  fair  to  make  a  test  on  a  column  with  one  pin  end  and  one 
square  end  in  a  testing  machine,  and  use  the  results  as  a  jire- 
cedent  in  designing  a  structure,  wherein  the  conditions  are  so 
much  at  variance  with  those  of  the  testing  machine?  Aside 
from  the  elements  such  as  imperfections  in  workmanships, 
vibration  and  impact,  do  we  ajiproach  anywhere  near  the  same 
conditions  as  those  of  the  testing  machine.  First,  the  members 
are  not  shortened  by  one-half  their  total  length;  second,  they 
are  not  fixed-ended;  and  last,  they  are  subject  to  distortions 
imposed  on  them  by  jsassing  loads.     The  specifications  say  that  J 

the  numerator  in  the  column  formula  (Rankine's)  shall  be  de- 
termined by  the  Lauuhardt  formula,  but  Mr.  Hemberle  wisely  disarmed 
criticism  in  using  the  largest  sectional  areas  for  comiDression  members, 
obtained  either  by  substituting  directly  13  000  in  the  numerator  of 
the  column  formula,  or  by  taking  the  permissilde  working  stresses  as 
determined  by  the  Launliardt  formula.  However,  do  the  results  of  the 
tests  on  the  full  sized  columns,  especially  the  post  made  from  compres- 
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sion  steel,  justify  the  use  of  13  000  pounds  in  the  numerator  of  the 
column  formula? 

Another  prominent  feature  here,  which  is  also  a  characteristic  of 
several  very  important  structures  recently  built,  is  the  use  of  eye-bars 
in  unison  with  built  members  to  resist  alternate  tensile  and  compression 
strains.  In  the  top  chord  of  the  360  foot  span  will  be  found  three 
panels  at  each  end  of  the  span  where  eye-bars  are  placed  outside  of  the 
built  chord  sections.  As  the  tensile  strains  here  are  large  and  the  com- 
pression small,  it  was  thought  advisable  to  avoid  excessively  heavy  built 
members  and  consequently  heavy  field  riveting  at  the  splices,  where 
eye-bars  could  be  used  to  advantage;  and  I  believe  it  was  here  specified 
that  the  eye-bars  and  corresponding  chord  sections  should  be  assembled 
in  the  shop,  to  avoid  any  discrepancies  in  their  lengths.  The  use  of 
eye-bars  and  built  members  in  unison  to  resist  tensile  strains  is  very 
doubtful,  esi33cially  where  it  is  extended  over  a  great  many  panels.  The 
bxiilt  member,  owing  to  its  continuity,  gets  more  than  its  share  of  the 
strain  in  every  case  I  have  seen.  This  is  partly  owing  to  the  play  the 
eye-bars  have  on  the  pins,  the  bending  of  the  pins  themselves,  and  also 
to  the  strains  which  take  place  in  the  heads  of  the  bars,  which  do  not 
occur  in  the  built  member.  In  a  very  important  structure  recently 
built,  this  fact  is  exemplified  to  its  fullest  extent  in  the  excessive  de- 
flections obtained,  which  are  accountable  in  no  other  way.  In  the 
Kentucky  and  Indiana  Bridge  this  combination  of  eye- bars  and  built 
members  was  used  so  moderately  that  it  is  hardly  questionable  as  to  its 
effects,  and  could  not  have  heen  avoided  without  very  much  increased 
cost  to  the  contractors. 

The  increased  unit  strains  which  were  allowed  by  the  Launhardt 
formula  is  another  striking  featixre.  The  specifications  say:  "The 
maximum  and  minimum  stresses  in  compression  and  tension,  as  found 
by  the  before-mentioned  loads,  with  a  factor  of  safety  of  not  less  than 
five,  are  to  be  used  in  determining  the  permissible  working  stress  in 
each  piece  of  the  structure,  according  to  Launhardt's  formula,  as  fol- 
lows: 

/i     I        minimum  stress  in  member     \ 

\  2  X  maximum  stress  in  member/ 

in  which 

Tension  is  algebraically  — 

Compression    "  "  -f- 

a  =  permissible  stress  per  square  inch. 

For  double  refined  iron  in  tension  (links  or  rods) : 

u  = 9  000  pounds  per  square  inch. 

For  double  refined  steel  in  tension : 

M= 14  000       "         "  " 

For  rolled  iron  in  tension  (plates  or  shapes) : 
ti  = 8  500  pounds 


a  (( 
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For  rolled  steel  iu  tension: 

«  = 11  000  ijounds  i^er  square  inch. 

For  rolled  iron  iu  comj^ression: 

u= 7  500       "         "  " 

For  rolled  steel  in  compression: 

u= 13  000       "         "  " 

The  Launbardt  formula,  as  before  given,  embodies  the  two  formulas- 
given  by  Weyraucb,  inasmuch  as  the  formula  becomes,  when  the  min- 
imum and  maximum  stresses  have  the  same  sign  +  or  — . 

a  =n(l-\-       minimum  B      \ 
\  2  X  maximum  B  / 

■when  thev  have  opposite  signs 

/.,           maximum  B^     \ 
a  ^  u  [1  —  . I 

V         2  X  maximum  B  / 

in  which 

Max.  B  =^  the  greatest  stress  upon  the  member,  whether  tension  or 

compression. 

Min.  B  =  the  least  stress  of  the  same  kind. 

Max.  i>^=the  greatest  stress  in  the  op^Dosite  sense. 

See  paper  of  Mr.  Joseph  M.  Wilson,  M.  Am.  Soc.  C.  E.,  page  391, 
Vol.  XV.  However,  Weyrauch  says  that  u  =  ultimate  strength  per 
unit  of  section  for  any  number  of  repetitions  of  load.  In  the  Kentucky 
and  Indiana  Bridge  ((  =  for  rolled  steel  in  tension  11000  >(  5  (factor  of 
safety)  =  70  000  pounds  per  square  inch,  which  should  be  the  ultimate 
strengh  for  any  number  of  repetitions  of  load.  What  do  the  tests  on 
full-sized  eye-bars  show  ?  The  ultimate  strength  of  12  bars  tested  to- 
destruction  varied  from  63  500  to  78  500  pounds  per  square  inch. 

I  presume  the  bars  were  tested  in  the  usual  manner,  v/hich  is  prac- 
tically a  single  application  of  the  load.  Judging  from  the  results  of  the 
tests,  were  the  values  of  u  here  jiroperly  taken  ? 

In  the  267-foot  skew  cantilever  span  we  Und  in  one  case  a  working 
stress  of  17  500  pounds  per  square  inch  iu  tension.  Grautiug  the  ulti- 
mate strength  of  large  bars  at  70  000  pounds,  we  obtain  a  factor  of  safety 
of  four  for  dead  load  and  live  load  combined.  Here  the  ratio  of  dead 
load  to  live  load  strain  =  1.  Therefore,  if  5  l)e  the  factor  of  safety  for 
live  loaJ,  the  factor  of  safety  for  dead  load  must  be  3.  Or  if  0  be  the 
factor  for  live  load,  the  factor  for  dead  load  must  be  2,  and  so  on. 

The  aim  of  the  Launhardt  formula  is  certainly  very  scientific,  but 
would  it  not  be  simpler  to  fix  upon  a  factor  of  safety  for  dead  load,  and 
a  factor  of  safety  for  live  load,  obtain  separately  the  sections  required 
for  each,  and  add  them  together  for  a  tinal  result  ?  This  Avould  be  very 
simple  for  members  subject  to  only  one  kind  of  strain.  For  members 
subject  to  alternate  strains  we  could  use  a  certain  percentage  of  the  les- 
ser strain  and  add  it  to  the  greater  for  the  resultant  live  load  strain.     As- 
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tlie  Launliardt  formula  requires  the  maximum  and  minimum  strains  to 
be  determined  for  each  member,  it  wouhl  seem  that  in  an  ordinary  dis- 
continuous span  the  dead  load  strains  would  be  the  minimum.  How- 
ever, it  is  easy  to  see  that  for  the  web  members  the  counter-strains  would 
tend  to  reduce  the  dead  load  strains,  as  the  live  load  is  backing  off 
the  bridge.  This  necessitates  finding  the  counter-strains  for  all  web 
members  and  combining  them  with  the  dead  load  strains  to  obtain  the 
minimum  strains  for  web  members.  Does  a  refinement  like  this  seem 
rational?  Would  it  not  be  simpler  to  say,  for  example,  the  factor  of 
safety  for  live  load  shall  be  6  and  the  factor  for  dead  load  shall  be  3,  and 
the  sections  for  each  shall  be  added  for  a  final  result? 

The  specifications  required  steel  for  compression  at  80  000  pounds 
iiltimate,  and  steel  for  tension  at  70  000  pounds  ultimate.  Would  it  not 
be  advisable  to  use  the  same  material  for  both  tension  and  comj^ression, 
especially  where  members  are  subject  to  alternate  strains.  In  the 
Lachine  bridge,  recently  completed,  no  distinction  was  made,  and  a 
uniform  steel  at  60  000  pounds  ultimate  was  used  throughout. 

The  tests  made  by  Mr.  Moulton  as  to  the  effects  of  shearing  and  ham- 
mering steel  plates  are  very  interesting,  and  tend  to  establish  a  valuable  * 
precedent.  The  si^ecifications  required  all  holes  to  be  launched  and  then 
reamed  one  eighth  inch  larger,  leaving  the  holes  of  the  projier  diameter 
as  required  by  the  size  of  the  rivet.  As  the  ultimate  strength  for  steel 
is  gradiially  being  reduced,  it  is  to  be  hoped  that  practice  will  eventu- 
ally establish  a  uniform  steel  at  60  000  pounds  ultimate,  and  avoid  the 
expensive  processes  of  planing  the  edges  of  sheared  plates  and  reaming 
holes  for  rivets. 

Palmer  C.  Eicketts,  M.  Am.  Soc.  C.  E. — The  difference  between 
the  allowed  shearing  resistance  of  steel  and  iron  in  the  specifications 
under  which  this  bridge  was  biiilt,  10  000  and  7  000  pounJs  per  square 
inch,  seems  to  be  too  great.  This  is  here  referred  to  because  it  is  be- 
lieved that  the  difference  usually  allowed  in  favor  of  steel,  about  33  per 
cent.,  is  greater  than  the  conditions  existing  in  steel  and  iron  structures 
and  the  strength  of  the  material  warrant. 

Although  the  Watertown  experiments  seem  to  show  genei'ally  that 
this  amount  may  be  allowed,  most  of  them  were  made  with  single  riveted 
quarter-inch  plates,  with  smaller  pitch  and  rivets  than  is  generally 
permissible  in  bridge  practice;  and  if  the  difference  in  resistance  of 
either  metal  in  punched  and  drilled  joints  be  considered,  the  few 
directly  comparable  experiments  on  double  riveted  joints  with  thicker 
l^lates  made  there  reduces  this  percentage  appreciably. 

The  results  of  English  experimenters  bear  out  this  inference  and 
would  seem  to  indicate  that  if  7  500  pounds  per  square  inch  be  taken  for 
iron  rivets  iij  shear,  the  amount  allowed  for  steel  should  be  more  nearly 
9  000  than  10  000  pounds. 

As  far  as  failure  by  nearly  pure  shear  is  concerned,  experiments  of  the 
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writer,  published  in  the  Transactions  of  this  Society  for  March,  1887, 
on  iron  and  steel,  three  quarter  inch  round  rivet  material,  some  of  the 
latter  taken  from  lots  used  for  rivets  in  the  bridge  which  is  the  subject  of 
this  pajjer,  show  that  the  resistance  of  steel  of  0.10  per  cent,  to  0.14  per 
cent,  carbon  and  about  0.40  per  cent,  manganese,  with  58  000  to  64  000 
pounds  ultimate  tensile  intensity,  is  not  more  than  15  per  cent,  greater 
than  that  of  iron.  The  considerable  difference  in  resistance  when  the 
cutting  edges  are  sharp  and  rounded,  is  also  shown  there. 

It  is  interesting  to  notice  that  if  in  the  results  of  the  tests  of  the  two 
ong  columns  given  on  pages  160  and  161  we  disregard  the  strain  for  the 
stress  on  the  column  below  20  000  pounds,  regarding  this  amount  as 
necessary  to  begin  a  somewhat  uniform  strain  in  the  central  measured 
length  which  the  first  compressive  increments  in  the  tables  show  to  be 
the  case,  we  get,  by  using  the  mean  of  the  remaining  strain  increments 
up  to  14  000  pounds  per  square  inch,  beyond  which  the  column  would 
not  be  liable  to  be  stressed,  co-efficients  of  elasticity  of  27  200  000 
and  28  600  000,  and  for  stresses  up  to  30  000  pounds  per  square  inch 
26  500  000  and  27  400  000. 

The  mean  compressive  co-efficient  for  the  eight  built  steel  i)osts  given 
by  Mr.  J.  G.  Dagron,  M.  Am.  Soc.  0.  E.,  in  his  paper  read  at  the 
Annual  Convention  in  July,  1887,  had  an  average  value  of  27  600  000, 
varying  from  25  800  000  to  29  500  000. 

In  these  experiments  it  is  seen  that  the  value  of  this  quantity  for 
these  built  pieces  of  structural  steel,  stressed  as  they  would  be  in  place, 
is  not  very  much  less  than  its  average  value,  about  29  000  000,  deter- 
mined by  experiments  on  small  pieces. 

A  consideration  of  the  tests  of  the  eye-bars  given  in  this  paper,  com- 
pared with  those  of  the  three-quarter  inch  rounds  from  the  test  ingots, 
together  with  a  comparison  of  other  results  of  the  same  kind  from  some 
Watertown  exjieriments,  shows  that  the  difference  in  elastic  limit  in 
favor  of  the  metal  from  the  test  ingot  varies  in  these  cases  from  10  to  33 
per  cent.,  and  in  ultimate  resistance  from  0  to  about  15  per  cent.,  in  one 
case,  reaching  26  per  cent.  The  elastic  co-efficients  seem  to  remain 
practically  the  same. 

Samuel  Tobias  Wagnek,  M.  Am.  Soc.  C.  E.— Among  the  extremely 
interesting  and  well-presented  features  of  Mr.  Moulton's  paper  is  the 
record  of  tests  where  comparison  is  made  between  those  made  on  a 
J-inch  round  bar  and  those  cut  from  the  section  as  finally  rolled,  and  again 
is  this  comparison  more  beautifully  shown  where  the  tests  are  given  on  a 
J-inch  round  on  a  specimen  cut  from  the  bar,  and  on  a  fiiU-sized  manufact- 
ured eye-bar.  If  in  steel  a  closely  approximate  relation  can  be  estab- 
lished between  tests  prepared  on  J-inch  round  bars  and  several  sizes  of 
rolled  shapes,  plates  and  bars,  all  from  the  same  heat,  so  that  upon  the 
J-inch  round  tests  the  heat  could  be  at  once  accepted  or  rejected ;  the  time 
saved  in  the  completion  of  such  a  contract  as  Mr.  Moulton's  pai)er  de- 
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scribes,  would  be  considerable,  and  tlie  satisfaction  to  both  insjDectors  and 
manufacturers  Avould  be  of  great  value. 

Some  four  years  ago  this  point  was  presented  very  forcibly  to  the 
writer  at  a  prominent  steel  works  in  Pennsylvania,  while  he  was  acting 
as  inspector  under  some  rather  poorly  prepared  specifications,  where,  for 
want  of  some  sufficiently  prepared  and  discussed  matter  on  this  subject, 
the  test  pieces  to  determine  the  acceptance  of  the  heats  were  prei^ared 
from  plates  rolled  to  certain  widths  and  thicknesses  in  order  to  give  on 
them  aiDproximately  the  same  amount  of  work  as  the  final  section  would 
have,  and  no  tests  were  made  on  a  J-inch  round,  althoiigh  the  steel  makers 
claimed  that  the  results  obtained  from  these  tests  would  be  satisfactory. 
The  material  was  a  60  000-pound  steel,  with  a  required  elongation  of  23 
per  cent,  in  8  inches,  and  had  to  be  accepted  from  the  steel  mills  in  the 
shaps  of  blooms,  'ranging  in  size  from  3  by  3  to  7  by  10  inches,  and 
which  were  to  be  rolled  down  at  another  mill  into  sizes  varying 
from  Ih  by  1^-inch  L  to  9-inch  deck  beams.  Upon  these  the  final  tests 
were  to  be  made  under  a  very  rigid  inspection.  It  became  necessary 
therefore  to  have  several  different  sizes  of  rolled  specimens  from  which 
to  cut  tests  in  order  even  to  approximate  the  amount  of  work  and  reduc- 
tion from  the  ingot. 

From  a  careful  examination  of  Mr.  Moul ton's  results  on  ten  different 
heats,  I  have  selected  some  eighteen  difierent  characteristic  tests,  and 
striking  a  rough  average  from  these,  I  find: 

First. — The  elastic  limit  is  higher  in  the  J-inch  round  than  the  other 
tests,  by  about  2  100  pounds  in  thirteen  tests,  while  it  falls  to  about 
1  100  pounds  below  in  five  others. 

Second. — The  ultimate  strength  shows  in  fourteen  tests  a  greater 
strength  in  the  plate  specimens  than  in  the  J-inch  round,  averaging  2  300 
pounds,  while  in  four  tests  the  J-inch  round  shows  a  greater  average 
strength  of  3  100  pounds. 

Third. — The  elongation  is  decidedly  the  least  fluctuating,  and  always 
shows  greater  in  the  J-inch  round  than  in  the  plate  test,  but  the  average 
in  the  eighteen  tests  is  only  about  2.4  per  cent,  higher, 

Mr.  Moulton's  results  are  extremely  interesting  and  valuable,  and 
agree  with  what  experience  I  have  had  and  results  I  have  seen  on  the 
subject,  although  his  are  by  far  the  most  complete.  It  is  to  be  hoped 
that  some  one  else  will  give  us  more  data  on  this  subject,  so  that  these 
results  may  be  confirmed,  although,  I  believe,  for  steels  from  say  60  000 
to  85  000  pounds  per  square  inch  ultimate  strength,  the  fluctuations  will 
coincide  very  closely  with  the  results  shown  here.  Mr.  Moulton  remarks 
that  the  specificatious  called  for  the  tests  to  be  made  on  a  J-inch  round, 
and  this  is  an  encouragement  for  its  future  use,  where  the  check  tests 
are  as  good  as  these  are. 

The  results  obtained  from  the  7  by  7  inch  s:iaare  ingots,  I  think,  are 
unusually  good  for  such  a  severe  method  of  testing  the  quality  of  the 
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material,  althougli  I  am  glad  to  see  they  were  abandoned,  as  certainly 
the  danger  of  imjnst  results  from  them  is  very  great. 

The  matter  of  east-steel  clevises  is  one  of  great  interest  to  bridge 
builders,  as  it  is  a  step  toward  the  substitution  of  steel  castings  for  what 
are  now  expensive  forgings.  The  results  obtained  are  not  surprising,  as 
there  seems  to  be  very  great  difficulties  attendant  upon  the  manufacture 
of  small  steel  castings,  but  it  is  to  be  hoped  that  the  steel  makers  will 
soon  solve  the  problem.  It  would  be  of  interest  to  know  under  how 
great  a  head  of  metal  these  clevises  were  i:)0ured,  and  in  what  jjosition 
they  were  moulded. 

If  in  tlu^  discussion  Mr.  Moulton  could  tell  us  something  about  the 
method  of  working  the  steel  in  the  shops,  that  is,  whether  it  was  drilled 
or  punched  and  reamed,  or  simply  punched,  and  also  whether  special 
caution  was  taken  to  avoid  sharp  corners  and  edges,  it  would  add  a  few 
more  interesting  items  to  his  already  complete  description. 

Joseph  M.  Wilson,  M.  Am.  Soc.  0.  E. — I  should  say  that  the  mov- 
ing train  load  assumed  for  this  bridge,  in  view  of  modern  service  re- 
quirements, or  even  those  of  ten  or  more  years  ago,  was  too  little. 
After  considering  carefully  the  lengths  of  spans,  I  should  not  have 
made  it  less  than  3  000  pounds  per  foot,  and  perhaps  more. 

The  formula  adopted  for  the  maximum  and  minimum  stresses  in 
compression  and  tension  appears  to  be  for  stresses  only  of  one  kind 
(all  compression  o:-  all  tension).  No  modification  is  made  for  stresses 
acting  in  opposite  directions,  although  from  the  type  of  the  structure  I 
should  judga  that  such  stresses  did  occur.  I  hardly  understand  why 
the  paper  should  make  us3  of  the  term  "  factor  of  safety  of  not  less  than 
five  "  in  connection  with  the  use  of  this  formula.  The  stresses  intro- 
duced into  the  formula  for  the  various  cases  must  evidently  be  the 
actual  stresses,  not  these  stresses  divided  by  five,  and  the  value  of  «  is 
assumed  at  various  quantities  for  difi'er.^nt  materials  so  as  to  give  the 
permissibl  >  stress  d  per  s  juare  inch.  While  the  process  of  calculation 
may  have  been  correctly  followed  out,  the  explajation  of  the  use  of  the 
formula  is  certainly  not  clear.  Also,  on  page  136,  there  appears  to  be  a 
misi:)rint.     It  should  be : 

a  =  permissible  stress  per  square  inch. 

u  =  for  double  refined  iron  in  tension  (links  or  rods)  9  000,  etc. 
w  is  here,  as  I  take  it,  an  assumed  permissible  stress  per  unit  of  section 
for  any  number  of  repetitions  of  load,  ado])tod  from  experience  or  pre- 
cedent, and  not  by  any  means  one-fifth  of  a  supposL^d  ultimate  strength 
for  the  material  in  question. 

The  values  of  u  given  in  this  paper  for  iron  are  the  same  as  I  used 
some  years  a.!;o  with  the  same  formula,  although  I  also  used  Weyrauch's 
second  formula  for  pieces  subjected  to  stresses  actin;j,-  in  opposite  direc- 
tions. Those  values  were  printed  in  specifications  of  mine,  issued  for 
private   use  only  in  connection  with  the  Pennsylvania  Eailroad.     The 
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formulas  and  values  of  it  were  aftarwards  modified  to  tliose  given  in  mj 
published  specifications  (see  Transactions  Am.  Soc.  C.  E.,  Vol.  XV, 
June,  1886),  as  presenting  in  my  view  an  improved  practice. 

Tlie  formulas  for  reduction  of  members  in  compression  vary  sliglitly 
from  tliose  wliicli  have  been  used  by  myself.  The  question  of  reqiiiring 
t'le  lines  of  the  neutral  axis  of  all  pieces  meeting  at  a  joint  to  meet  in 
the  same  point,  or  the  placing  of  pins  where  used,  in  the  neutral  axis, 
and  if  not  so  arranged,  the  necessity  of  considering  the  bending  stresses 
so  produced,"  seems  to  be  ignored. 

In  the  provision  for  wind  strains  and  vibration,  no  computation 
seems  to  be  mnde  for  the  case  of  a  moving  train.  The  results  Avith  a 
moving  train  will  be  different  from  those  of  a  static  load  for  the  whole 
length  of  the  span. 

The  method  of  computing  the  shearing  stress  on  girders  with  stiflfen- 
er,^  differs  from  my  own  theory  on  the  subject  (see  Transactions  Am. 
Soc.  0.  E.,  Vol.  XV,  June,  1886). 

The  requirements  of  the  specification  for  iron  and  timber  and  for 
workmanship  are  very  meagre.  The  mere  statement  that  they  should 
be  "as  iisual  in  first-class  work"  would  seem  to  me  hardly  sufficient  in 
a  "first-e'ass  "  specification. 

I  regret  that  Ml-.  Moulton  has  not  given  us  a  summary  of  what  prac- 
tical inferences  he  woiild  gather  from  the  results  of  his  tests  as  shown 
in  his  tables.  Of  course  any  one  can  by  an  examination  of  thes3  tables 
draw  inferences,  but  I  would  rather  have  seen  his  own  conclusions. 

On  page  163  the  drawing  of  clevis  appears  to  be  inaccurate.  The 
connections  of  the  arms  with  the  nut  are  evidently  not  correct. 

Concerning  the  question  of  adopting  tests  from  the  ingot  or  the  fin- 
ished material,  for  the  acceptance  of  the  latter,  it  would  appear  from 
the  results  on  pages  165-6  that  ingot  tests  give  higher  results  than  fin- 
ished material  tasts.  If  the  former  are  adopted,  as  seems  to  be  urged 
upon  engineers  by  manufacture  -s,  an  allowance  should  be  made  for  sub- 
sequent deterioration,  which  might  be  some  established  loercentage. 

C.  L.  Strobel,  M.  Am.  Soc.  C.  E. — A  record  of  the  construction  of  a 
large  bridge  in  such  detail  as  presented  by  Mr.  Moulton  is  very  inter- 
esting and  valuable,  and  he  merits  oar  thanks  for  his  labor,  which  has 
been  very  considerable. 

Mr.  Moulton's  experience  with  cast-steel  agrees  watli  my  own.  In 
the  present  stage  of  its  manufacture,  and  in  all  probability  for  a  long 
time  to  come,  this  material  is  not  suitable  for  use  in  bridges  when  sub- 
jected to  tension,  because  its  strength  is  too  uncertain.  I  have,  how- 
ever, used  it  for  such  parts  as  bolsters,  shoes  and  jjier  boxes,  to  great  ad- 
vantage. These  parts  are  mainly  in  compression,  massive  in  size,  and 
the  stresses  are  low,  so  that  there  is  ample  margin  for  safety  even  if 
honeycombing  or  the  other  defects  to  which  this  material  is  subject 
exist.     Cast-steel  has  the  great  advantage  over  cast-iron,  that,  if  a  suit- 
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able  grade  is  selected,  and  it  is  properly  annealed,  it  is  tougli  and 
malleable.  It  does  not  have  the  brittleuess  of  cast-iron,  and  it  has  the 
advantage  over  •\vrought-iron,  that  it  can  be  cast  into  massive  and  com- 
plicated forms,  which  it  would  be  imiDossible  to  make  by  riveting 
together  plates  and  angles  and  obtain  equal  efficiency. 

The  results  obtained  with  sheared  and  planed  steel  plates  indicate 
simply  less  elongation  for  specimens  having  one  edge  sheared  and  the 
other  planed,  as  compared  with  specimens  having  both  edges  planed, 
the  ultimate  strength  remaining  about  the  same.  A  marked  difference 
would  have  been  found,  however,  in  the  ultimate  strength  and  other 
qualities  of  the  sjiecimens  had  they  been  subjected  to  vibratory  action 
while  under  stress.  A  slight  crack,  rent,  or  a  sharp  indenture  on  the  edge 
of  a  bar  or  plate  is  a  point  of  weakness  in  steel  greater  than  in  wrought- 
iron  (provided  the  direction  of  the  break  in  the  latter  case  is  across  the 
fiber)  for  the  reason  that  steel  is  a  homogeneous  material  and  readily 
yields  to  new  conditions,  so  that  incipient  fracture  acts  like  an  entering 
wedge,  and  failure  gradually  takes  place  by  an  accretion  of  small  incre- 
ments of  fracture.  One  of  the  striking  features  of  the  behavior  of  steel 
columns  when  tested  to  their  tiltimate  strength  is  their  sudden  collapse 
soon  after  the  elastic  limit  has  been  exceeded.  The  metal  bulges  between 
rivets  or  other  point  of  support,  flowing  away  from  the  line  of  stress 
suddenly  and  freely,  therein  acting  very  differently  from  the  behavior  of 
wrought-irou  under  similar  conditions.  The  latter  retains  its  form 
longer  after  the  elastic  limit  has  been  exceeded,  and  is  more  apt  to  fail 
by  bending  as  a  whole;  or,  if  it  gives  way  by  bulging  or  buckling 
locally,  it  does  not  do  so  as  freely  nor  as  suddenly  as  steel. 

I  should  like  to  ask  Mr.  Moultonwhat  object  there  was  in  using  pine 
for  the  upper  layer  of  plank  in  the  wagon  way,  and  oak  for  the  lower 
layer  placed  diagonally  ?  The  reverse  is  the  usual  practice;  the  lower 
layer  is  made  of  pine  jilaced  at  right  angles  to  the  joists  so  as  to  make  the 
span  between  them  as  small  as  possible,  and  the  ujipsr  layer  is  made  of 
oak  so  as  to  have  a  hard  material  as  the  wearing  surface,  and  the  plank  in 
this  layer  is  placed  diagonally  or  lengthwise  of  the  bridge.  I  should 
also  like  to  ask  whether  the  floor-beams  are  without  connection  to  the 
lower  chords,  a-i  drawn  on  Plate  XIX,  in  which  case  it  is  difficult  to  see 
that  there  is  any  chord  to  the  lateral  system. 

In  both  the  designs  of  superstructure  as  adopted  and  as  originally 
proposed,  double  systems  of  triaugulatiou  are  used,  which  give  rise  to  a 
certain  amount  of  ambiguity  in  the  stresses  not  desirable  though  not 
seriously  objectionable.  How  much  of  the  weight  of  the  suspended 
span  in  the  cantilever  system  is  carried  by  one  and  how  much  by  the 
other  of  the  two  systems  of  triaugulatiou,  is  dependent  upon  their  rela- 
tive deflection  and  the  accuracy  of  length  and  fit  of  their  parts.  The 
design  adopted  is  certainly  more  economical  of  material  thin  the  other, 
and  it  has  the  further  advantage  that  the  chord  lines  are  straight  be- 
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tween  tbe  apexes  of  each  system  (not  broken  as  iu  the  top  chord  of  the 
other  design),  whereby  one  of  the  elements  of  abiguity  existing  in  the 
latter  is  eliminated. 

Henky  B.  Seaman,  M.  Am.  Soc.  C.  E.  —If  it  is  at  all  feasible  to  use 
steel  rods  with  sci*ew  ends,  the  precaution  of  a  soft  steel,  with  fillets  at 
the  bottom  of  the  threads,  would  seem  to  make  it  so;  but  even  then  a 
roughly  cut  thread  is  unavoidable  occasionally,  and  is  an  element  of 
weakness. 

The  real  test  for  the  rods  will  be  in  the  bridge,  where  they  are  sub- 
jected to  a  repetition  of  strain  and  to  vibration,  rather  than  in  a  testing 
machine,  where  the  strain  is  continuous;  as  vibratory  strains  will  more 
effectually  develoj^  cracks. 

The  fact  that  the  upset  ends  are  of  greater  diameter  than  the  body  of 
the  bar,  tends  to  relieve  the  screws  from  the  effect  of  impact  and  thus 
to  prolong  the  life  of  the  bar;  but  experience  has  shown  that  with  ordi- 
nary threads,  this  relief  is  not  always  sufficient  to  save  the  rods,  as  they 
have  broken  in  the  thread,  showing  in  the  fracture  rings  of  rust,  and 
indicating  that  the  bar  Avas  broken  in  increments. 

Mr.  Moulton's  tests  of  annealed  specimens  show  in  every  case  a 
deterioration  by  annealing.  The  elongation  is  reduced,  while  the  reduc- 
tion of  area  at  the  point  of  fracture  is  increased,  indicating  a  more 
plastic  but  less  tenacious  material.  This  is  probably  more  marked  in  a 
small  test  specimen  than  it  would  be  in  a  finished  bar,  but  would  also 
occur  in  the  latter  to  some  degree.  It  is  probably  due  to  decarboniza- 
tion,  either  by  being  kept  too  long  at  the  refining  heat,  or  being  cooled 
too  slowly,  possibly  in  the  air.  "When  we  consider  the  gTea,t  influence 
heat  has  upon  the  quality  of  steel,  it  would  ai^i^ear  advisable  to  anneal 
with  every  lot  of  bars  a  sisecimen  of  the  same  material,  of  full  section 
of  the  bars,  and  about  18  inches  long,  which  may  be  afterwards  tested 
for  over  annealing;  the  test  is  inexpensive  and  easily  made. 

There  is  a  clause  in  the  specifications  for  superstructure  which  pro- 
vides that  "rivets  will  not  be  used  where  they  maybe  subjected  to 
tensile  strain."  This  is  not  an  uncommon  specification,  but  if  it  were 
strictly  enforced,  it  would  throw  out  the  connection  for  lateral  bracing 
shown  on  Plate  XIX.  Rivets  are  i^referable  in  shear  on  account  of  the 
additional  resistance  of  friction;  but  where  tension  is  necessary,  as  is 
shown  here,  I  think  it  is  better  to  specify  some  limiting  tensile  strain. 

Rivets  are  made  of  the  best  quality  of  material,  and  when  shop- 
driven,  the  shank  of  the  rivet  undergoes  less  "punishment"  than  an 
ordinary  upset  rod.  If  sufficiently  strained,  rivets  will  work  loose  under 
shear,  as  well  as  under  tension;  and  if  rivet  heads  of  hard  steel  drop  off, 
it  would  seem  to  be  the  fault  of  the  material  rather  than  the  kind  of 
strain,  for  they  drop  off  under  either  strain. 

I  do  not  wish  to  be  understood  as  advocating  tension  on  rivets.  It 
should  be  avoided  wherever  possible.     But  I  do   not   think  it  such  a 
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"  bugbear,"  as  is  often  considered.     I  think  the  tensile  value  of  a  rivet 
should  be  considered  a  function  of  the  shearing  value. 

C.  E.  Emeet,  M.  Am.  Soc.  C.  E. — The  ultimate  tensile  strength  of 
steel  boiler  plates  for  the  United  States  Navy  and  the  better  class 
of  marine  works  has  for  a  number  of  years  baen  limited  to  60  000  pounds; 
a  latitude  of  from  one  to  one  and  one-half  thousind  pounds  above  and 
below  that  figure  having  however  been  allowed  to  meet  practical  con- 
ditions at  the  mills.  Substantially  these  limits  have  been  fixed  also  for 
the  steel  used  in  the  new  naval  cruisers.  Even  with  steel  as  low  as  this, 
initial  strains  are  introduced  by  punching  and  shearing  which  materially 
reduce  the  strength  of  the  plates,  though  the  difficulty  may  be  practi- 
cally overcome  by  reaming  the  holes  and  planing  the  edges. 

It  is  l)elieved  that  a  reaction  will  soon  set  in  in  regard  to  increasing 
so  largely  the  sections  of  members  subject  to  reverse  strains.  The  ques- 
tion is  very  materially  modified  by  the  periods  of  rest  available  between 
the  applications  of  strains.  In  the  experiments  on  which  the  original 
formulas  were  founded,  the  reverse  strains  necessarily  followed  each 
other  in  comjiaratively  rapid  succession  in  order  to  get  results  in  a 
reasonable  time,  and  moreover  the  applications  were  kept  up  continu- 
ously until  failure  resiilted  or  particular  experiments  were  abandoned. 
Had  there  been  periods  of  rest  after  the  application  of  reverse  strains 
for  a  time,  the  molecules  would  have  re-established  their  equilibrium 
and  the  material  been  as  good  as  before.  My  recollection  is  that  in  the 
exj^eriments  it  was  necessary  to  carry  the  strains  nearly  up  to  the  elastic 
limit  of  the  material  to  produce  rupture  under  conditions  of  continuous 
application.  Bridge  members  cannot  receive  such  severe  tests  when 
the  reverse  strains  are  well  within  the  elastic  limit,  the  jseriods  of  rest 
between  maximum  loads  allowing  the  strength  to  become  restored  with- 
out fail.  This  is  proved  by  the  life  of  iron  and  steel  rails,  Avhich  even  on 
a  bad  foundation  remain  intact  under  reverse  strains  very  much  greater 
than  ever  occur  in  any  other  form  of  construction. 

Mr.  Theodore  Cooper.— Allow  me  to  ask,  did  I  understand  you  to 
say  that  your  Qxperience  was  to  ream  the  holes  in  steel  ? 

Mr.  Emery. — In  the  construction  of  bailers  we  permit  the  builders 
to  punch  the  holes  in  steel  of  60  000  pound>  tensile  strength  and  after- 
wards ream  them. 

Mr.  Cooper. — Do  you  recommend  it '? 

Mr.  Emery. — I  do  not  recommend  it.  I  would  rather  see  the  holes 
drilled.  I  can  only  say  that  it  seems  a  necessity  to  permit  it.  as  plenty 
of  boilers  are  made  from  steel  in  the  same  way  as  iron  without  even 
reaming  the  holes.  The  method  of  reaming  seems  to  answer  under 
practical  conditions  and  therefore  und.'r  the  circumstances  is  allowel. 
Steel  is,  however,  so  much  abused  in  boilers  that  I  sympathize  strongly 
with  those  Avho  will  not  permit  its  use  at  all. 
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Theodore  Cooper,  M.  Am.  Soc.  C.  E. — I  am  rather  pleased  with  Mr. 
Schaiib's  remarks  in  regard  to  the  Launhardt  formula,  but  he  don't  go  far 
enough.  What  are  Launhardt  and  other  similar  formulas  based  upon  ?  In 
all  the  discussions  Avliich  have  recently  taken  place  in  regard  to  the  use  of 
this  form  of  formula  I  have  found  no  evidence  that  the  writers  have 
studied  the  original  experiments  from  which  this  form  of  formula  has  been 
derived.  The  discussion  has  not  been  upon  the  merit  of  the  form  but 
rather  upon  the  i^roper  constant  1,  2  or  3  to  be  inserted  before  the  ratio 
of  the  minimum  and  maximum  stresses. 

The  very  interesting  experiments  made  by  Wohler  in  1867,  and  first 
published  in  English  in  Engineeritxj  of  1871,  are  the  basis  upon  which, 
these  formulas  are  built. 

Wohler  extended  his  tests  over  several  years,  and  submitted  some  of 
his  test  pieces  to  as  high  as  132  000  000  applications  of  the  strain.  He 
made  some  of  his  tests  by  direct  tension,  but  the  largest  number' were 
made  by  tensional  and  bending  tests  very  ingeniously  arranged  so  as  to 
confine  the  tests  Avithin  limited  ranges.  While  he  formulates  his  results 
in  strain  per  unit  of  area,  any  one  must  recognize  that  these  fiber  strains 
Avould,  under  any  method  of  calculation,  be  very  doubtful  in  their 
amount.  After  j'ears  of  investigation  he  was,  like  every  true  experi- 
menter, very  cautious  in  drawing  any  deductions.  He  does  state  that 
' '  variations  of  strain  may  with  equal  security  take  place  within  the  fol- 
lowing limits,  it  being  of  course  assumed  that  in  all  cases  the  maximum 
strain  is  less  than  that  required  to  produce  fracture  under  a  sta.ic 
load." 

For  iron  subjected  to  tension  and  comj)ression. 

—  17.120  pounds  to  +  17.120  pounds 

0  "  +  35.310       " 

+  25.680         "  +  47.080       " 

etc.  for  other  cases. 

The  discovery  of  this  apparent  anomalous  action  of  a  metal  which 
had  an  elastic  limit,  as  result  determined,  of  35  000  ijounds,  breaking 
when  subjected  to  strains  not  exceeding  one-half  of  this  amount,  led  to 
the  absurd  and  unscientific  term  "  fatigue  of  metals."  This  result  was 
totally  at  variance  with  the  acceptance  of  the  perfect  elasticity  of  the 
metals  as  heretofore  acce]Dted. 

A  careful  study  of  the  original  experiments  led  me  at  that  time  to  the 
belief  that  the  true  explanation  of  this  so-called  fatigue  of  metals  was  in 
the  idea  that  this  iron  did  have  an  elastic  limit  somewhere  near  35  000 
liouuds,  but  that  it  must  be  measured  not  from  the  zero  point  of 
strain  each  way,  but  between  the  extreme  strains,  algebraically  consid- 
ered. I  have  also  believed  that  what  some  experimenters  claim  to  I'.e  a 
raising  of  the  elastic  limit  of  a  bar  by  strain  is  simjjly  a  shifting  of  this. 
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elastic  range.  If  this  belief  is  the  true  one,  this  whole  doctrine  of  the 
fatigue  of  metals  falls  to  the  gronnd,  and  with  it  all  those  theoretical 
formulas  deduced  from  such  a  theory. 

Another  argument  made  by  the  authors  for  this  form  of  formula  is 
the  old  American  practice  of  allowing  a  larger  "factor  of  safety"  for 
live  loads  than  for  dead  loads. 

A  careful  examination  of  the  evolution  of  the  original  Launhardt 
formula  will  show  that  the  tendency  is  fast  bringing  the  formula  back 
to  an  identical  form  with  the  old  American  practice,  to  allow  double  the 
imit  strain  for  dead  loads  that  we  do  for  live. 

This  is  in  accordance  with  my  own  views  and  the  principle  I  have 
adopted  in  my  recent  bridge  specifications.  The  reason  for  this  practice 
is  not,  however,  based  upon  any  faith  in  the  fatigue  of  metals,  but  upon 
the  relative  uncertainty  of  the  loads  and  the  strains  induced.  We  can 
very  exactly  determine  the  dead  load  of  a  structui'e,  and  can  have  con- 
siderable faith  in  the  strains  determined  therefrom;  but  for  the  live  load 
there  is  much  uncertainty  as  to  its  amount,  and  also  as  to  the  strains  in- 
duced by  this  live  load  in  rapid  motion  over  a  structure.  We  are, 
therefore,  justified  in  accepting  a  "factor  of  ignorance,"  and  with  one- 
half  of  the  allowed  strain  for  dead  loads.  * 

I  am  just  reminded  by  a  member  that  I  have  not  made  myself  plain 
in  regard  to  the  reversal  of  strains  in  a  bridge  structure. 

As  long  as  we  do  not  work  our  material  by  any  manner  of  stress 
beyond  the  range  of  elasticity,  I  do  not  consider  it  can  be  injured,  but 
of  course  we  still  have  the  doubt  in  regard  to  our  live  loads  and  their 
action.  We  should  therefore  keep  well  within  the  actual  range  in  pro- 
portion to  our  ignorance  of  the  absolute  strains  produced  upon  any 
members  of  the  structure. 

The  reversal  of  strains  therefore  cannot  hurt  a  bar  with  this  proviso. 

I  do   consider   it   very  imii:)ortant  to  i^rovide  for  extra  strong  con- 


*N0TK  (added  by  letter). — Since  making  the  above  remarks,  I  find  in  Engineering,  Novem- 
ber 25, 1887,  the  following;  "  Professor  Bauschinger  Las  made  a  series  of  experiments  en  tlie 
alternation  of  tlie  elastic  limit,  the  experiments  extending  over  several  years.  He  coueludes 
that  "the  elastic  limit  in  tension  is  in  genera)  very  different  from  that  of  the  material  when 
■subjected  to  compression,  and  artificially  raising  the  elastic  limit  in  tension  causes  the 
limit  in  compression  to  be  decreased,  and  this  may  even  pass  through  the  point  of  zero 
stress.  In  other  words,  a  bar  of  steel  or  Iron  has  two  elastic  limits,  and  whatever  position 
these  occui^y  on  the  scale  of  loads,  the  raugc  between  them  is  nearly  a  constant  quantity. 
By  alternately  stressing  a  bar  in  tension  and  compression  just  beyond  the  elastic  limits, 
these  after  a  certain  number  of  repetitions  occupied  positions  equally  distant  from  the  point 
of  zero  load,  and  the  limits  thus  obtained  are  called  by  Bauschinger  the  natural  elastic  limits 
of  the  bar.  It  was  then  noted  that  the  stress  corresponding  to  those  limits  feusibly  coin- 
cided with  that  found  by  Wohler  as  the  limiting  stress  to  which  a  bar  could  be  sul).iected 
to  alternate  tension  and  compression.  It  would  thus  appear  that  a  bar  will  bear  an  in- 
definite number  of  repetitions  of  stress,  provided  the  range  of  stress  does  not  exceed  the 
elastic  range  mentioned  above." 

This  is  a  very  strong  confirmation  of  the  views  above  expressed,  and  which  I  have  held 
for  more  than  fifteen  years. 
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nections  where  the  strains  can  be  reversed.  The  alternate  action  upon 
ihe  pins,  rivets  and  other  connections,  are  much  more  injurious  in 
comparison  to  the  same  equivalent  strain  in  one  direction.  In  rivet  con- 
nections, owing  to  this  alternate  action  tending  to  work  them  loose,  I 
think  we  should  allow  a  greater  number  than  where  they  are  only  pulled 
in  one  direction.  The  same  would  also  apply  to  other  connections  where 
there  will  be  more  or  less  lost  motion. 

Mr:  Emery. — Mr.  Cooper's  remarks  recall  my  original  reading  of  the 
exijeriments.  My  recollection  at  present — and  I  would  like  to  be 
corrected  if  wrong— is  that  they  did  not  succeed  in  breaking  a  member, 
under  reverse  strains,  until  it  was  loaded  by  the  method  of  compu- 
tation up  to  or  beyond  the  elastic  limit.  The  ridiculousness  of  formulas 
extending  within  elastic  limit,  when  based  upon  experiments  Avith- 
out,  is  warranted  by  the  remarks  of  Mr.  Coojjer.  His  exiolanations 
coincide  with  my  remarks  in  regard  to  the  intermittent  application  of 
reverse  strains.  When  there  is  time  for  the  metal  to  rest  it  assumes  its 
former  state;  so,  even  if  it  be  strained  up  to  the  elastic  limit  in  tension 
and  then  be  allowed  to  rest,  it  can  safely  afterward  be  carried  to  the 
elastic  limit  in  compression.  When,  however,  the  strains  repeatedly 
alternate  from  plus  to  minus,  the  algebraic  difference  must  be  taken, 
giving  the  numerical  sum  of  the  two,  and  the  evidence  seems  to  be  that 
such  sum  cannot,  for  continued  repetitions  of  strain,  ever  exceed  the  dif- 
ference between  zero  and  the  elastic  limit  in  either  direction;  but  periods 
of  rest  between  the  intermediate  applications  of  reverse  strains  change 
the  rule  entirely.  The  effect  of  flexing  metals  beyond  the  limit  of  elas- 
ticity, without  rest,  is  readily  seen  with  a  material  like  brass,  which 
hardens  each  time  it  is  so  bent.  It  is  well  known  that  such  material 
cannot  be  bent  back  and  forth  in  the  same  place  many  times  without 
breaking.  The  rails  of  railroads,  however,  which  must  at  times  be 
strained  as  high  on  the  outer  fibers  as  25  000  pounds  per  square  inch  in 
each  direction,  under  the  passage  of  a  heavy  locomotive  on  a  yielding 
road-bed,  rarely  break,  simply  because  the  material  has  a  period  of  rest 
between  the  i^assage  of  trains,  and,  at  some  hours  of  the  day,  very  long 
periods  of  rest,  so  that  on  the  whole  the  rails  periodically  resume  their 
normal  condition  and  are  prepared  for  the  next  series  of  abuses. 

It  is  well  known  that  we  must  jirevent  motion.  As  soon  as  the  par- 
ticles are  allowed  to  move,  the  jars  may  bring  the  strains  beyond  the 
limit  of  elasticity  and  an  actual  set  take  place,  which,  after  a  series  of 
repetitions,  will  cause  failure.  Persons  here  present  will  recollect  that 
in  one  of  Mr.  Metcalf's  pajaers  it  is  stated  that  different  materials  were 
tried  for  the  connecting  rods  in  a  machine  running  at  a  high  speed  in 
which  the  weight  of  the  jiarts  brought  a  bending  action  on  the  rods.  It 
was  found  eventually  that  high  steel  stood  much  better  than  any  other 
material,  the  reason  being  that  it  was  stiff  enough  to  prevent  the  actual 
motion  of  particles,  and  there  being  no  sudden  jars,  there  was  no  danger 
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of  rupture.  It  should  be  borne  in  mind  that  the  strains  on  the  outer 
fibers  of  bars  subject  to  transverse  strains  are  never  as  high  as  shown 
by  formulas,  for  the  reason  that  the  fibers  between  the  same  and  the 
neutral  axis  can,  on  account  of  the  bending  of  the  bar,  take  up  a  greater 
portion  of  the  load  than  shown  by  the  customary  formulas,  on  the  prin- 
ciijle  set  forth  in  my  i^aper  several  years  ago  on  "  The  Transverse  Re- 
sistance of  Materials. 

Wm.  H.  Burr,  M.  Am.  Soc.  C.  E. — Aside  from  the  general  character 
of  a  work  of  this  magnitude,  the  excellence  of  its  general  design  and  the 
skill  and  energy  displayed  in  the  erection  of  these  parts  requiring  false 
work  over  a  river  subject  to  great  and  violent  changes  of  stage  duriug^ 
the  most  dangerous  season  of  the  year,  all  of  which  reflect  gi-eat  credit 
on  the  engineers  and  contractors  for  the  work,  those  portions  of  the 
paper  outlining  the  results  of  special  treatment  of  the  steel  members 
at  different  stages  of  their  fabrication  are  of  unusual  interest  and  im- 
portance at  the  present  time. 

The  conclusions  to  be  drawn  from  the  regular  tests  are  only  such  as 
are  usually  reached  in  the  ordinary  testing  of  the  material  for  steel  plates 
and  angles.  The  ingot  tests  of  |-inch  rounds  do  not  give  results  essen- 
tially different  in  any  respect  from  those  of  sx^ecimen  tests  of  the  rolled 
material,  p^-ovided  always  that  the  amount  of  work  expended  on  the 
material  is  essentially  the  same  in  the  two  cases. 

The  elastic  limit  runs  a  little  over  six-tenths  the  ultimate,  and  the 
final  contraction  is  roughly  twice  the  final  stretch,  approximate  ave- 
rages being  considered.  The  exceptions  to  the  latter  ratios  confirm 
the  general  princixjle  preceding,  since  they  occur  in  connection  with 
the  tests  of  eye-bar  steel.  In  the  case  of  this  material,  the  steel  of  the 
bars  naturally  received  much  less  Avork  than  that  of  the  f -inch  rounds; 
hence  the  elastic  limit  of  the  latter  in  general  considerably  exceeds  that 
of  the  former,  while  the  ultimate  resistances  are  not  very  different. 
The  differences  between  the  elastic  limits  decrease  as  the  bars  become 
smaller  and  thinner. 

The  final  contractions  and  stretches  are  about  the  same  for  the  J -inch 
roxmds  as  for  the  specimens  from  the  bars.  The  effects  of  annealing  are 
well  shown  in  the  tests  of  full  sized  eye-bars,  which  give  an  appreciable 
although  not  great  decrease  of  elastic  limit  and  ultimate  resistance  below 
the  values  yielded  by  the  specimens  taken  from  the  bars  before  anneal- 
ing. The  final  reduction  is  but  little  if  anyb^low  that  of  the  test  speci- 
mens, except  in  one  or  two  special  cases,  but  the  final  stretch  is  of  course 
much  less. 

The  special  tests,  however,  on  shearing  and  cold  hammering,  and 
incidentally  those  on  steel  cast  clevises,  are  of  more  than  ordinary  in- 
terest and  importance.  In  noting  the  tff"cct  of  these  operations  the 
grade  of  steel  used  is  to  be  particuLirly  observed,  for  there  are  ^ood 
reasons  to  believe  that  the  operations  indicated,  as  well  as  some  others 
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incidental  to  the  i^rodnction  of  finished  bridge  members,  and  which  are 
usiially  excluded  by  specifications,  may  with  proiirietv  be  employed 
with  mild  structural  steel  used  under  compression,  but  should  be  care- 
fully avoided  with  a  higher  grade  of  metal,  however  it  may  be  used. 

In  this  paper,  for  example,  on  pages  165  and  166,  the  sheared  edge 
specimens  with  edges  not  j)laned  belonged  to  metal  vai'ying  from  66  000 
to  75  000  pounds  in  ultimate  tensile  resistance,  yet  the  elastic  limit  and 
ultimate  resistance  were  not  appreciably  affected.  The  final  stretch 
and  reduction,  however,  were  reduced  35  to  50  per  cent.  This  would 
be  a  matter  of  little  consequence  in  a  compression  member,  but  would 
scarcely  be  i^ermissible  in  tension.  In  60  000  pound  steel  the  effect  of 
the  shears  would  be  still  less,  while  in  the  80  000  pound  metal  used  in 
this  structure  it  would  b3  materially  increased  and  could  not  be  ignored. 

The  efi"ects  of  hammering  steel  plates,  as  shown  on  page  167,  are  far 
less  than  we  are  led  to  believe  would  result,  if  we  observe  the  great  care 
with  which  hammering  is  excluded  by  specifications  from  shop  pro- 
cesses. In  fact,  it  is  very  diflScult  to  draw  from  these  tests  the  evidence 
of  any  deleterious  effects  resulting  from  the  hammering  of  specimens. 
Some  were  hammered  while  hot  and  then  cooled  in  ashes;  others  were 
hammered  while  cold,  some  of  them  being  subsequently  annealed,  and 
the  remainder  allowed  to  remain  as  left  by  the  hammer. 

Those  hammered  hot  and  cooled  in  ashes  seemed  to  gain  slightly  in 
ultimate  resistance  and  lose  a  very  little  in  final  stretch,  while  those 
hammered  cold  and  untreated  subsequently  seemed  to  lose  a  little  in 
elastic  limit,  which  was  a  rather  remarkable  result. 

The  sum  total  of  the  twelve  tests  does  not  reveal  any  essential  effect 
of  the  hammering,  nor  anything  that  could  not  jsroperly  be  ignored  in 
any  considerations  affecting  structural  design. 

Nor  could  any  appreciable  effect  of  the  hammer  be  discovered  in  the 
tests  recorded  on  page  168.  The  annealing  clearly  reduced  the  elastic 
and  ultimate  resistances  and  increased  the  ductility,  but  it  is  impossible 
to  detect  any  influence  of  the  hammer. 

Some  recent  experiences  of  the  writer  also  point  strongly  in  the  same 
direction  as  the  preceding  tests,  and  confirm  the  opinion  that  mild 
structural  steel  may  be  hammered  cold  with  impunity  under  easily  ful- 
filled conditions.  I  had  a  ro-inch  plate  5  feet  9  inches  long  and  12 
inches  wide  severely  hammered  with  heavy  sledges  in  the  hands  of  three 
men.  These  men,  operating  together,  pounded  the  middle  of  the  plate 
from  fifteen  to  twenty  minutes,  until  that  portion  of  it  was  comjaletely 
covered  and  indented  with  hammer-marks  and  the  plate  very  much  bent 
out  of  its  original  j)lane  shape.  The  end  portions,  however,  were  in 
their  normal  condition.  The  plate  was  now  straightened  cold  and  six 
strips  18  X  -Co  X  21  inches  cut  from  it.  Two  of  these  were  from  the  end 
portions,  untouched  by  the  hammer  and  in  a  perfectly  normal  condi- 
tion. 


186 


DISCUSSION    OX    KENTUCKY    AND    INDIANA    BRIDGE. 


The  other  four  were  cut  from  the  central  portion  of  the  hammered 
part  and  bad  sustained  the  heaviest  hammering,  so  far,  at  least,  as  could 
be  determined  from  the  marks  and  indentations.  Four  of  these  pieces 
were  then  j^ulled  apart  in  a  testing  machine  with  the  results  given  for 
Nos.  1,  2,  3  and  4  in  the  following  table: 

Results   of  Tests  of  IJNANNEAiiED  Strips  of  -jVinch  Steel.  Plates. 
All  Test  Pieces  18x2gXi\  inches. 


Pounds  PER  Sq.  In.  at 

Pee  Cent,  of  Final 

No. 

Elac.  Lim. 

Ultimate. 

Stretch  in 
6-in. 

Contraction 

Bemabks. 

1.  Normal 

39,200 

40,800 

53,100 

46,200* 

58,460 

58,460 

68,500 
70,000 
71,500 
71,100 
73,100 
73,500 

33 

31 

16 

9 

2 

3 

53 
35 
41 
48 
42 
44 

2.        do     

3.  Hammered 

i.           do       

5.  Hammered  twice. 

6.  do         do  . . 

Failed     outside     of 
gauge  marks. 

do        do        do 

do        do        do 

do        do        do 

*The  elastic  limit  of  No.  4  is  shown  too  low  in  conseqiience  of  an  accident  to  the 
machine  at  this  point  of  the  test.  These  elastic  limits  are  not  well  defined  for  the  hammered 
specimens  and  indicate  only  the  points  at  which  the  scale  beam  ceased  to  be  quite  stiffly 
held  otr  its  rest. 

Specimens  Nos.  5  and  6  were  then  taken  back  to  the  anvil  for  a  second 
severe  hammering  cold  with  the  sledges,  and  their  subsequent  appear- 
ance showed  that  they  had  been  most  thoroughly  abused.  In  some 
places  the  thickness  was  reduced  nearly  nr-inch  and  numerous  indenta- 
tions were  of  the  most  violent  character.  The  results  of  pulling  these 
in  the  testing  machine  are  shown  in  the  table  as  Nos.  5  and  6. 

Now  the  results  of  these  tests  show  that  the  cold  hammering  without 
subsequent  annealing  materially  raises  the  elastic  limit  and  slightly  the 
ultimate  resistance,  but  decreases  the  ductility.  The  amount  of  the 
latter  effect,  however,  is  uncertain,  as  failure  in  every  hammered 
specimen  took  i)lace  outside  the  gauge  marks,  between  which  the 
stretch  was  measured.  In  all  cases  the  contraction  is  well  up  to  that  of 
the  normal  specimens.  As  near  as  could  be  observed  the  specimens 
were  a  little  less  marked  by  the  hammers  near  one  end  at  which  failure 
took  place,  showing  that  the  metal  flowed  easiest  where  it  was  ham- 
mered least. 

The  intensified  effects  of  the  second  hammering  are  easily  seen  by 
the  increased  elastic  and  ultimate  resistances  in  Nos.  5  and  6.  But  all 
the  unreasonable  torture  to  Avliieh  these  specimens  were  subjected  did 
not  at  all  injure  it  for  duty  in  a  compression  member,  if,  indeed,  it  has 
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reduced  its  tensile  capacity.  This  liammering  was  done  with  ordinary 
sledges,  but  in  no  case  was  a  crack  started,  and  that  fact  undoubtedly 
explains  the  process  of  the  tests.  If  steel  plates  are  straightened  cold, 
however,  it  should  always  be  done  with  a  "flatter,"  in  order  to  avoid 
the  possibility  of  starting  any  crack. 

I  also  had  some  double  counter-sunk  steel  rivets  driven  so  as  to  pro- 
diice  the  plates  shown  in  the  adjoining  sketches.  Two  plates  were 
riveted  together  with  yf -inch  steel  rivets,  as  shown  in  Fig.  1,  with 
counter-sunk  heads  on  both  sides. 
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Two  joints  of  3  by  ii-inch  plates,  with  if-inch  double  counter-sunk 
steel  rivets,  were  also  made,  as  shown  in  Fig.  2. 
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All  these  counter-sunk  heads  were  driven  by  hand  and  hammered 
until  and  after  they  were  comjiletely  black,  or,  as  the  workmen  say, 
"  until  there  was  no  heat  in  them." 

The  rivets  shown  in  Fig.  1  were  then  driven  out  by  placing  against 
the  driven  head  a  hammer  with  a  round  nose  less  in  diameter  than  the 
shaft  of  the  rivet,  and  sledging  it  until  the  rivet  yielded.  Persistent 
and  heavy  blows  given  by  two  men  striking  continuously  for  about  ten 
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minutes  were  required  for  each  of  tliree  of  tlie  rivets,  and  tlie  fourth  one 
was  acting  similarly  when  the  operation,  about  half  completed,  was  sus- 
i:)ended  for  the  j^urjiose  of  chipping  off  the  head  in  order  to  discover  in 
this  manner,  if  possible,  any  evidence  of  brittleness.  The  heads  of  the 
rivets  driven  out  i^resented  the  apiDcarance  in  the  sketch.  Fig.  3. 
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The  round  nose  of  the  hammer  sheared  its  way  through  the  liead  and 
forced  a  purely  tensile  failure  in  the  ring  around  it.  Every  rivet  head 
showed  extraordinary  toughness,  and  not  the  slightest  evidence  of  brittle, 
granular  or  crystalized  material,  and  developed  a  resistance  far  beyond 
that  of  the  best  wrought-iron. 

The  fourth  head,  showed  in  chipping  just  as  much  toughness  and 
freedom  from  granular  character  as  the  others. 

f.  The  joints  shown  in  Fig.  2  were  pulled  apart  in  a  testing  machine. 
The  first  failed  by  shearing  the  rivets  at  about  57  000  pounds  per  square 
inch  of  the  original  y^-inch  section.  The  second  broke  in  detail  at  a 
total  stress  of  68  000  pounds,  by  first  shearing  one  rivet  and  then  pulliug 
the  head  off  the  other,  in  consequence  of  the  large  leverage  afforded  by 
the  thickness  of  the  plates,  very  much  in  the  manner  shown  in  Fig.  3, 
if  the  central  case  were  not  punched  out.  The  fracture  was  wholly  a 
tensile  one,  and  i^ureiy  silky  in  character.  In  none  of  these  cases  was 
there  the  slightest  evidence  of  a  granular  character  or  of  any  deteriora- 
tion whatever  from  hammering  the  rivet  in  driving  until  and  after  it  was 
black. 

While  the  number  of  these  special  tests  is  not  large,  they  indicate, 
as  do  those  of  Mr.  Moulton's  j^aper,  that  mild  structural  steel  will  sus- 
tain far  more  torture  cold  without  injury  than  is  frequently  sui?posed, 
provided  always  that  no  cracks  are  formed  in  the  manii^ulation,  and 
these  experiences  show  clearly  that  they  are  not  easily  so  formed  and 
may  be  readily  avoided, 

F.  W,  Skinnek,  M.  Am.  Soc.  C.  E.— There  is  one  point  in  the  paper 
regarding  which  I  have  a  record  that  may  be  of  interest. 

As  I  remember  the  jjaper,  an  objection  made  was,  that  in  projiortion- 
ing  the  lengths  of  main  diagonals  for  camber  an  objectionable  differ- 
ence would  arise  between  the  lengths  (normally  equal)  into  which  the 
middle  pin  divides  the'  memT)ers. 

A  parallel  instance  is  that  of  the  St.  ,T  ohn's  Eailroad  cantilever  bridge 
in  New  Brunswick,  built  by  the  Dominion  Bridge  Company,  Montreal, 
P.  Q.,  in  whose  service  I  had  charge  of  computations  and  drawings.     I 
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don't  remember  the  exact  dimensions,  bnt  there  were  two  iinequal  armed 
cantilevers  of  six  and  eight  panels  resjiectively  and  a  100-foot  center 
truss,  making  a  total  span  of  about  475  feet;  it  was  a  through  bridge 
Avith  towers  60  and  80  feet  high,  cantilever  diagonals,  double  inter- 
section. 

A  camber  of  6  inches  at  ends  of  cantilever  arms  under  dead  load 
was  required,  provided  it  came  within  certain  limits  when  under  train 
load.  The  deflections  due  to  distortion  of  members  were  figured,  and 
then  the  decrements  calculated  that  would  give  the  members,  when  dis- 
torted by  the  given  load,  the  required  camber  length. 

The  distortion  calculations  were  based  on  values  of  moduli  of  elasti- 
city obtained  from  tests  especially  made  upon  the  steel  used,  those  in 
compression  from  full  sized  columns  tested  at  Watertown  Arsenal,  and 
those  for  tension  from  small  pieces  broken  at  the  works,  both  on  Emery 
machines. 

The  maximum  difference  between  the  lengths  of  bars  of  the  same 
diagonal  was  certainly  not  above  -nr  inch,  and  I  have  a  very  strong  im- 
pression that  it  was  almost  exactly  -^j^f  inch ;  at  any  rate  it  was  decided  to 
neglect  it  in  the  shop,  and  the  work  went  together  entirely  satisfactorily 
and  camber  did  not  vary  more  than  10  per  cent,  from  what  was  com- 
puted. 

Mace  Moulton,  M.  Am.  Soc.  C.  E.  — I  will  preface  my  closing-' 
remarks  by  stating  that  I  was  not  called  in  to  assume  charge  of  the 
superstructure  (as  may  be  noted  on  page  120),  nor  were  any  details  sub- 
mitted for  checking  until  a  year  after  the  closing  of  the  contract,  based 
on  the  specification  and  general  plans,  and  was  not  consulted  regarding- 
either  specifications,  plans  or  contract;  and  whatever  changes  in  specifi- 
cations were  made  subsequently  were  necessarily  such  as  should  not 
materially  increase  the  cost  to  the  contractors.  Whatever  opinions  I  may 
have  held  as  to  the  vital  features  of  the  specifications  or  design  were  not 
solicited  or  ofiered,  and  consequently  my  duty  was  to  see  that  the  best 
structure  possible  to  get  under  the  existing  contract  was  obtained. 

The  result  is  certainly  far  from  being  a  discredit  to  either  the  de- 
signers or  the  builders,  and  may  properly  be  considered  a  first-class 
structure.  Mr.  Schaub  deplores  the  fact  that  no  discussion  was  ofi'ered 
regarding  the  general  design.  The  skeletons  of  original  and  final  de- 
signs give  data  for  any  one  interested  enough  in  the  matter  to  go  into 
it  to  see  the  relative  economy  of  the  two. 

The  specifications,  in  using  Launhardt's  formula,  certainly  allow 
high  stresses  in  some  members  with  small  proportion  of  live  load,  but 
also  provide  well  for  members  first  aftected  by  the  live  load  by  adding 
percentages. 

I  do  not  feel  called  upon  to  defend  the  use  of  Launhardt's  formiila 
either  with  his  values  for  "  u"  or  those  given  in  the  sjjecifications,  and  I 
have  never  designed  a  structure  under  it  unless  so  instructed  by  the 
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purcliaser.  I  think,  however,  that  the  prevalent  deprecatiou  of  the  great 
labor  involved  in  its  use  is  uncalled  for.  We  are  certainly  nearing  the 
time  Avhen  all  will  admit  that  we  should  treat  the  live  and  dead  loads 
sejiarately,  either  to  difterent  factors  of  "ignorance,"  as  Mr,  Cooper 
calls  them,  or  to  some  other  application,  to  cover  the  effects  of  impact 
and  repetitions  of  stress,  and  having  the  stresses  calculated  separately 
it  is  easy  to  phxce  them  in  whatever  relation  seems  most  exact. 

I  studied  the  record  of  Wohler's  and  Spanenburg's  experiments  care- 
fully some  years  since,  and  did  not  become  a  convert  to  the  formiila  as 
Launhardt  made  it  either  in  his  value  of  "u"  or  in  the  co-efficient  in 
the  denominator.  Regarding  the  loads  used  in  the  specifications  which 
Mr.  Wilson  considers  too  low,  I  would  say  that  in  getting  together  the 
test  train,  I  Avas  able,  by  waiting  two  or  three  days,  to  get  the  engines 
corresponding  to  the  diagram  given,  but  no  railroad  running  into  Louis- 
ville could  furnish  a  train  averaging  2  2i0  pounds  per  track  foot. 

The  i^rojectors  of  the  enterprise  needed  a  bridge  badly,  and  they 
built  what  they  considered  would  answer  their  requirements  and  at  the 
same  time  come  within  the  aijpropriation.  Mr.  Schaub  objects  to  the  use 
of  the  close  driven  i^in  at  the  intersections  of  the  diagonals,  and  makes 
some  statements  regarding  the  condition  of  comjiression  members  at 
jjoints  so  i)inned  that  I  am  unable  to  discuss  for  want  of  actual  knowl- 
edge regarding  the  true  state  of  affairs.  I  regret  that  he  has  not  jjre- 
sented  his  new  facts  to  accompany  his  assertions  so  that  we  might  learn 
■exactly  how  the  case  stands.  In  construction,  I  was  assured  that  the 
intersecting  pins  were  so  located  that  the  eompres>!ion  members  should 
be  least  distorted  when  spans  were  fully  loaded,  /.  e.,  when  camber  was 
nearly  taken  out  and  members  under  nearly  maximum  stress.  I  had  no 
opportunity  to  go  into  the  calculation  at  the  time,  but  have  great  confi- 
dence in  the  accuracy  of  the  engineer  who  adjusted  the  matter.  The  con- 
tract was  based  on  design  with  intersection  pins,  and  the  members  were 
calculated  on  the  basis  that  the  post  was  held  at  the  jjin  and  as  flat-ended 
at  that  point  with  a  length  equal  to  the  distances  between  pin  centers. 

The  tests  on  posts  Avere  made  long  after  every  feature  of  design  was 
settled,  and  were  in  no  sense  used  to  determine  points  in  the  design,  but 
were  made  for  the  purpose  of  ascertaining  what  they  would  stand  and 
how  they  would  act  in  the  testing  machine.  The  test  on  compression 
steel  post  proved  by  its  slight  set  after  stresses  sufficient  to  distort  rivets 
in  splice  that  we  are  getting  satisfactory  compression  joints  from  the 
rotary  planer.  I  don't  remember  seeing  a  record  of  a  spliced  test  post 
heretofore. 

I  do  not  agree  with  Mr.  Schaub  in  wishing  we  may  ever  get  to  the 
point  of  ceasing  to  ream  or  drill  rivet  holes.  The  injury  to  the  hole 
from  punching  is  certainly  there,  even  in  iron,  as  experiments  have 
idaiuly  shown;  and  in  steel,  of  whatever  grade,  the  injuries  will,  in  my 
opinion,  seriously  impair  the  strength  of  the  piece,  owing  to  the  ten- 
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dency  of  every  crack,  tliougli  infinitesimal,  to  start  a  fracture.  I  have 
often  noted  the  fact  that  pieces  subjected  to  breaking  stress  Avould  start 
a  facture  at  some  slight  scratch  or  punch  mark,  and  in  some  cases  the 
fracture  would  occur  at  a  point  where  its  sectional  area  exceeded  that  of 
some  other  place  in  the  piece. 

Regarding  the  planing  the  edges  of  plates:  The  si^ecifications  called 
for  imiversal  mill  plates,  and  there  was  no  case  in  the  construction  of  the 
entire  structure  where  any  other  plate  was  put  in  to  take  direct  stresses. 
In  case  of  shearing  off'  corners  in  compression  members,  such  as  in  ends 
of  posts  or  ribs  of  shoes,  both  beyond  the  pin,  I  did  not  ask  them  to  be 
planed.  In  cases  of  links  made  of  plate-steel  or  any  other  small  pieces, 
they  were,  if  sheared  or  punched  out,  put  into  the  annealing  furnace 
and  annealed  with  the  eye-bars. 

I  do  not  remember  a  single  case  where  it  was  considered  necessary 
to  plane  the  edge  of  a  plate  on  account  of  its  having  been  sheai'ed.  The 
tests  in  sheared  plates  were  made  for  the  purpose  of  adding  to  our  stock 
of  information  on  the  subject.  The  points  which  Mr.  Wilson  brings 
out  as  not  being  mentioned  in  specifications  were  all  properly  attended 
to  in  the  working  up  of  the  designs.  The  specifications  were  so  long 
that  only  extracts  were  given  in  the  paper,  several  points  which  are  com- 
mon to  almost  every  good  specification  being  omitted.  The  lateral 
stresses  were  calculated  under  a  live  load,  but  its  effect  was  smaller 
than  usual,  as  the  train  must  be  nearly  covered  by  the  8-foot  high  close 
fence  between  track  and  highway  on  either  side. 

I  cannot  inform  Mr.  Strobel  Avhy  the  pine  plank  were  placed  upper- 
most, except  that  it  was  so  settled  in  the  contract.  Regarding  the  con- 
nection of  floor  beams  to  bottom  chords,  they  are  screwed  up  tight 
against  the  chords,  and  a  jslate  was  in  every  case  jjut  on  the  lower  side 
of  the  chord,  through  which  and  the  top  splice  plate  of  floor  beam  the 
lateral  pins  passed.  The  rivets  in  the  connection  of  these  plates  to  the 
chords  were  in  all  cases  proportioned  according  to  the  longitudinal 
component  of  the  lateral  stress  at  that  joint. 

I  am  sorry  to  note  a  tendency  to  make  light  of  experiments  on  full 
size  parts  in  the  the  testing  machine  shown  by  Mr.  Schaub  regarding 
the  posts,  and  Mr.  Seaman  in  case  of  ujiset  ends.  In  my  opinion  the 
more  we  test  the  more  we  know,  and  if  we  cannot  get  stresses  near  the 
elastic  limit  of  the  parts  in  the  structure,  the  next  best  thing  is  to  jiut 
the  piece  in  a  machine  which  will  break  it.  We  can  certainly  get  some 
idea  as  to  what  to  expect  of  a  member  when  placed  in  a  structure  if  we 
get  tests  enough  of  similar  members  in  a  testing  machine.  Now  in  case 
of  steel  lateral  bars  I  took  particular  pains  to  have  a  test  made  of  one  of 
the  regular  bars,  selected  at  random,  because  I  had  no  knowledge  of 
upsets  on  steel  bars  having  been  tested  before,  and  I  think  that  this 
structure  was  the  first  in  which  steel  upsets  were  used. 

Great  pairs  were  taken  in  shaping  the  upset  dies  to  avoid  sudden 
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changes  of  shape,  and  the  result  of  the  tost  (although  only  a  single  one) 
was  very  satisfactory.  Eoughly  cut  or  poor  threads  of  any  kind  were  not 
passed  by  inspectors.  As  the  steel  was  only  used  in  very  large  bars  (for 
lateral  stresses),  the  upsets  and  the  threads  cut  in  them  were  very  much 
in  excess  of  the  usual  sizes,  and  their  use  was  amply  justified. 

Information  asked  for  by  Mr.  Wagner  regarding  shop  manipiilation 
will  be  found  on  page  140.  The  clevises  were  cast  from  crucibles  with  a 
head  of  metal  about  the  same  as  would  be  obtained  in  an  iron  casting  of 
the  same  size,  and  subsequently  thoroughly  annealed.  In  response  to  Mr. 
Wilson's  request  for  my  deductions  from  tests,  I  should  say  that  the 
only  point  not  already  touched  u^jon  is  the  important  one  of  how  we 
shall  inspect  steel  with  a  view  to  its  acceptance  or  rejection.  My  judg- 
ment is  based  not  only  on  tests  made  for  this  structure,  but  on  observa- 
tions in  and  aboiit  the  mills,  and  of  other  structures  under  contract  at 
the  same  time  and  later,  the  specifications  for  which  differed  materially 
from  those  of  this  bridge. 

1st.  Settle  on  what  is  desired  as  to  the  physical  qualities  of  the  steel 
for  the  puri^ose  for  which  it  is  to  be  used. 

2d.  Buy  material  with  those  physical  qualities,  the  same  to  be  deter- 
mined by  tests  from  the  finished  material,  taking  not  crop  ends,  but 
good  material  for  the  tests.  Steel  manufacturers  can  produce  structural 
steel  of  any  desired  grade,  and,  as  they  know  more  than  any  one  else 
about  the  amount  and  effect  of  work  on  the  steel,  they  must  be  allowed 
to  make  their  steel  as  they  like,  provided  they  produce  the  desired  re- 
sult. That  they  can  get  results  to  suit  the  purchaser  was  forcibly  im- 
pressed on  me  on  being  shown  tests  two  years  ago  under  a  specification 
for  a  very  large  quantity  of  varied  material  which  required  that  the  fin- 
ished plates  and  angles  should  have  the  same  physical  jiroperties  as  the 
J-inch  round  ingot  test-pieces  within  narrow  limits.  The  manufacturers 
did  it,  and  that,  too,  with  Bessemer  steel;  and  if  they  could  do  it  then 
they  can  do  it  again,  and  hence  I  think  a  buyer  may  with  justice  expect 
to  get  what  he  is  paying  for  and  not  be  asked  to  accept  something 
which  simply  was  once  like  what  he  demands,  Init  which  now, 
owing  to  variations  in  work  put  upon  it,  may  vary  10  or  15  i)er  cent,  from 
what  is  designed  to  use  in  the  structure.  The  lower  the  grade  of  steel 
called  for,  the  more  certain  are  the  results  and  the  fewer  rejections  liable 
to  occur,  and  hence  the  cheaper  for  the  mill  and,  of  course,  for  the  inir- 
chaser.  Except  in  large  structures  the  difference  in  favor  of  quite  high 
steel  is  small,  and  there  is  where  it  seems  reasonable  to  exercise  the 
greatest  caution  in  the  use  of  the  high  grades. 
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TRIPLE  THERMIC  MOTOR  :  DESCRIPTION,  OPER- 
ATION AND  RESULTS  OF  A  SINGLE  EX- 
PANSION, NON-CONDENSING  STEAM  ENGINE, 
SUPPLEMENTED  BY  THE  EVAPORATION  OF 
THE  BISULPHIDE  OF  CARBON  AND  EXPAN- 
SION OF  ITS  VAPOR,  AT  BRUSH  ELECTRIC 
LIGHT  COMPANY,    CLEVELAND,   OHIO. 


By  Chakles  H.  Haswell,  M.  Am.  Soc.  C.  E. 
Eead  at  the  Annual  Convention  July  1st,  1887. 


CONSTKUCTION. 


First. — An  ordinary  horizontal  and  cylindrical  fire  tubular  boiler. 

Second. — A  tubular  generator  in  form  of  a  cylinder  boiler  set  hori- 
zontal in  -which  the  material  of  vaporization,  known  as  bisulphide  of  car- 
bon (formula  CS^),  is  vaporized,  having  attached  in  the  vapor  space  an 
ordinary  perforated  dry  pipe. 

All  of  -which  is  inclosed  in  a  shell  having  a  diaphragm  plate  bet-ween 
the  outer  and  inner  shells  at  both  sides  and  at  one  end,  thus  forming 
an  ui^per  and  lower  chamber  around  it.  Tne  opposite  end  is  inclosed  with 
a  deep  disc  or  bonnet,  thus  forming  a  communication  bet-ween  the  lower 
and  upiJer  series  of  tabes,  for  the  projjer  circulation  of  the  steam  with 
which  the  CS^  is  vajDorized. 

Third. — An  ordinary  horizontal  non-condensing  jacketed  steam  en- 
gine. 

Fourth. — Conduit  or  vapor-pipe,  steam  jacketed  by  being  concentric 
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Tvitli  one  extending  from  the  generator  to  the  cylinder  of  the  engine,  the 
jacket  of  the  conduit  communicating  with  the  jacket  of  the  cylindei',  and 
from  thence  the  condensed  steam  is  led  by  a  pipe  to  a  steam  trap  com- 
municating with  the  feed  ijum^?  of  the  boiler. 

Fifth. — An  automatic  regulator  or  pressure  reducing  valve,  for  con- 
trolling the  admission  of  steam  to  the  shell  surrounding  the  generator; 
ojierated  by  the  pressure  assigned  to  the  generator;  thus  holding  the 
vapor  pressure  uniform,  by  admitting  more  or  less  steam  to  the  shell  as 
the  variation  of  the  load  on  the  engine  may  require. 

Sixth. — An  automatic  reducing  valve  for  controlling  the  pressure  in 
the  jacket  around  the  vapor  conduit  and  cylinder. 

Serenlh. — A  heater  having  within  it  a  coil  pipe,  through  which  the 
condensed  CS^  is  forced  back  into  the  generator. 

Eighth. — An  ordinary  surface  condenser. 

Ninth — Three  ordinary  and  small  independent  steam  pumps,  and  a 
connection  to  a  water  main  or  centrifugal  pump,  from  which  the  water 
of  condensation  is  obtained. 

The  generator,  /.  e.,  the  vessel  in  which  the  material  of  vaporization 
G  S'i  is  vaporized,  and  by  which  the  expansive  force  is  obtained  where- 
with to  operate  an  engine  for  motive  power,  is  charged  with  it  to  a  little 
over  one-half  its  capacity. 

Steam,  previously  generated  in  a  boiler  or  primary  motor,  is  led  by  a 
pijje  to  and  through  the  automatic-  regulating  valve,  where  it  is  reduced 
in  pressure  and  consequent  temperature;  thence  to  the  generator  through 
a  perforated  pipe  between  the  shells  below;  thence  flowing  around  the 
lower  half  of  the  generator  shell;  thence  through  the  lower  series  of 
tubes;  thence  through  the  upper  series;  and  thence  between  the  shells 
above;  thus  circulating  through,  and  radiating  heat  to  the  entire  surface 
of  the  generator:  GS^  taking  up  the  latent  heat  and  a  portion  of  the 
sensible,  thus  the  steam  is  condensed  and  gravitates  to  the  bottom  of  the 
outer  shell;  from  thence  to  the  boiler  feed  pump  (being  one  of  the  three 
referred  to),  with  the  condensation  from  the  jacket  of  the  conduit  and 
cylinder,  as  delivered  through  the  steam  trap;  and  from  thence  returned 
to  the  boiler. 

Steam  is  also  admitted  through  the  reducing  or  regulating  valve,  to 
and  through  the  jacket  of  the  conduit  to  the  jacket  of  the  cylinder,  where 
it  is  restricted  to  a  reduced  pressure,  and  as  it  is  at  a  temperature  due  to 
this  pressure,  it  is  at  a  temperature  in  excess  of  that  surrounding  the 
generator,  thus  imparting  an  increased  temperature  to  the  vapor  and  effec- 
tively superheating  it  in  its  course  to  and  in  the  cylinder  of  the  engine. 
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The  vapor  generated  from  CS-,  in  the  manner  described,  is  delivered 
through  the  dry  pipe  to  and  through  the  conduit  to  the  cylinder  of  the 
engine,  and  from  the  greater  temperature  surrounding  the  conduit  and 
cylinder,  the  vapor  is  increased  in  temperature  and  consequent  volume 
from  its  admission  into  the  conduit  and  cylinder,  until  it  reaches  the 
point  of  cutting  off,  after  which  it  continues  to  take  up  the  surrounding 
heat,  thereby  supporting  its  expansive  force  until  it  has  completed  its 
function  in  the  cylinder. 

The  exhaust  vapor  from  the  cylinder  passes  around  a  coiled  tube  in 
the  heater  referred  to;  thence  to  and  through  a  surface  condenser,  from 
which  it  is  drawn  off  by  the  second  of  the  three  pumps  and  delivered 
into  an  auxiliary  condenser  (through  the  tubes  of  which  the  circulating 
water  is  first  introduced  from  the  main;  from  thence  through  the  tubes 
of  the  condenser;  and  thence  discharged,  as  in  a  sewer),  thus  attaining 
perfect  condensation  of  the  vapor. 

Any  air  drawn  from  the  condenser  by  the  air  pump  passes  through  a 
vessel  termed  the  washer  (which  is  partially  filled  with  water)  and  thence 
to  a  waste  pipe. 

The  liquid  OS.,  gravitates  from  the  auxiliary  condenser  to  a  reser- 
voir. From  thence  it  is  drawn  by  the  third  of  the  three  pumps  and 
delivered  through  the  coil  in  the  heater  (where  it  absorbs  heat  from  the 
exhaust  vapor  on  its  passage  to  the  condenser) ;  thence  to  the  generator, 
where  it  is  again  vaporized. 

An  entire  plant  designed  for  the  development  of  the  practicability 
and  economy  of  this  design  of  engine  has  lately  been  constructed  for 
the  Brush  Electric  Light  Company,  at  Cleveland,  Ohio,  and  on  the 
31st  of  May  a  test  of  it  was  made  under  the  direction  of  Mr.  Isaac  V. 
Holmes,  representing  the  Light  Company. 

EijEments  of  the  Plant. 

An  ordinary  horizontal  fire  tubixlar  boiler  set  in  masonry  having 
a  grate  surface  of  16.5  square  feet  and  a  shell  and  tube  surface  of  225 
square  feet. 

Combustion,  natural  draught.     Coal,  anthracite. 

An  ordinary  jacketed  non-condensing  engine,  single  expansion,  hav- 
ing a  diameter  of  cylinder  of  14  inches  and  a  stroke  of  piston  of  36 
inches. 

Generator,  having  a  diameter  of  54  inches,  a  length  of  15.25  feet  and 
a  steam  heating  surface  of  1  550  square  feet. 
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Surface  condenser  having  tube  surface  of  1  000  square  feet. 

The  operation  of  the  engine  was  contined  without  interruption  for 
a  period  of  five  hours,  which,  inasmuch  as  that  jjeriod  involved  the 
cleaning  of  the  fire  in  the  furnace  of  the  boiler,  Avas  held  to  afford 
full  time  for  a  test  of  the  operation  and  the  effects  of  the  elements  under 
investigation. 

RESUIiTS. 

Pressure,  steam — Boiler 75.8  pounds. 

Shell 15.3 

"         vapor — Engine 76  " 

Mean,  by  indicator 31.35 

Water  evaporated 5.71  cubic  feet. 

Revolutions  per  minute 100 

Vacuum '. 9.85  pounds. 

Coal  consumed 600         " 

Horse  power  indicated 86.64. 

XoTE. — Pressures  are  given  in  poiinds  mercurial  gauge,  and  temperatures  in  degrees  of 
Fahrenheit. 

From  which  it  appears  that  steam  at  a  pressure  of  75.8  pounds  per 
square  inch,  passed  through  the  aixtomatic  regulating  valve  to  the  shell 
surrounding  the  generator  at  the  reduced  jiressure  ef  15.3  pounds,  due 
to  a  temperature  of  250.4  degrees,  produced  a  vapor  in  the  generator  of 
76  pounds. 

Sum  of  sensible  and  latent  heat  of  steam  at  one  at- 
mosphere    1 178. 1  degrees. 

Sum  of  sensible  and  latent  heat  of  CS-^ 274.4        " 

Latent  heat  of  steam  at  one  atmosphere 965.2         " 

Latent  heat  of  vapor  of  CS2  at  one  atmosphere 156.4         " 

Sum  of  sensible  and  latent  heat  of  steam  at  45  pounds 
(the  pressure  of  the  steam  surrounding  the  vapor 

in  the  conduit) 1206.6 

Sum  of  sensible  and  latent  heat  of  the  exhaust  steam  at 

one  atmosphere,  as  defined  by  the  indicator  cards  1 178.1 


(( 


Hence,  1206.0  minus  1178.1  equals  28.5  degrees  expended  in  the 
cylinder. 

Sum  of  sensible  and  latent  heat  of  CSi.  vapor  at  76 
pounds  pressure,  and  superheated  by  steam  at  a 
temperature  of  292.3  degrees  (45  pounds)  is 443     degrees. 

Sum  of  sensible  and  latent  heat  of  CSn  at  one  atmos- 
phere, that  being  the  temperature  of  the  exhaust, 
is 274.4 
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Card  Illustrative  of  Expansiok  of  the  Vapor. 

PLATE  XXII. 
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Hence,  443  minus  274.4  equals  168.6  degrees  expended  in  the  cylin- 
der, and  168.6  divided  by  28.5  equals  5.916. 

Therefore,  the  relative  theoretical  value  of  the  vapor  of  CSo  as  com- 
pared with  that  of  steam  is  as  5.916  to  1;  or,  in  other  words,  the  heat 
admitted  to  the  shell  around  the  generator,  additionally  heated  by  the 
excess  of  that  of  the  steam  around  the  conduit  and  cylinder,  will  pro- 
duce an  elastic  vapor  in  the  cylinder  of  an  engine  5.916  times  greater 
than  if  steam  alone  was  used. 

Or,  steam  at  15.3  pounds  pressure  generates  a  vapor  of  76  pounds 
pressure,  which  when  additionally  superheated  by  being  enveloped  in 
steam  at  45  pounds,  its  volume  is  increased  and  its  pressure  of  76  pounds 
is  fully  maintained  at  the  cylinder  of  the  engine. 

In  the  test,  the  elements  of  which  are  here  recorded,  the  consump- 
tion of  coal  per  hour  was  120  pounds. 

Indicated  horse  power,  86.64. 

Hence  120  divided  by  86.64  equals  1.385  pounds  per  indicated  horse 
power  per  hour. 

The  volume  of  water  at  50  degrees  (the  ordinary  or  mean  temperature 
of  condensing  water)  required  to  condense  steam  at  the  temperature  of 
that  of  the  vapor  which  passed  through  the  heater  (212  degrees,  as  deter- 
mined by  the  indicator  card)  and  deliver  it  to  the  boiler  at  the  ordinary 
temperature  of  100  degrees,  is  as  22.95  to  1,  the  volume  evaporated. 

The  volume  under  like  conditions  for  the  condensation  of  the  vapor 
is  but  as  3.67  to  1,  to  the  volume  evaporated. 

Hence,  when  CS2  is  compared  with  steam,  a  less  area  of  condensing 
surface  and  less  volume  of  condensing  water  is  required,  both  of  which 
conditions  involve  an  economy  in  the  cost  and  endurance  of  an  engine. 

Reviewing  then  the  elements  submitted,  it  is  presented,  that  by  the 
use  of  the  vapor  of  bisulphide  of  carbon  in  a  vessel  connected  to  an 
ordinary  steam  boiler  and  engine,  condensing  or  non-condensing,  an 
elastic  vapor  can  be  attained  greatly  in  excess  both  in  pressure  and 
volume  of  that  of  the  steam  that  generated  it;  and,  as  an  evident  and 
infallible  consequence,  both  increased  power  and  economy  of  fuel  are 
attained  with  less  boiler  surface  and  consequent  wear. 
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THE    DAVIS    (CREVASSE)    LEVEE 


By  Sidney  F.  Lewis,  M.  Am.  Soc.  C.  E. 
Bead  July  7th,  1886. 


On  Marcli  8th,  1884,  at  about  one  o'clock  in  the  morning,  a  break 
occnrred  in  the  Davis  Levee,  situated  on  the  west  bank  of  the  Missis- 
sippi River,  some  twenty-three  miles  above  the  City  of  New  Orleans. 

The  crevasse,  in  the  official  report  of  the  Board  of  State  Engineers 
for  the  years  1882-83,  and  to  April  20th,  1884,  is  said  to  have  been, 
caused  by  the  washing  out  of  loose  earth  in  an  imjierfectly  refilled  rice 
flume  cut  in  the  levee.  The  levee  at  this  point  was  upwards  of  eight 
feet  high,  and  the  water  in  the  river  on  that  date  was  within  eighteen 
inches  of  the  top  of  the  levee.  The  gauge  at  New  Orleans*  read  one 
foot  one  inch  below  high  water  mark  of  1874. 

The  position  of  the  break  was  near  midway  in  a  bend  of  the  river, 
where  the  current  impinges  directly  against  the  bank.  The  width  of 
foreshore  about  sixty  feet,  with  a  depth  abrupt  to  it  of  over  fifty-eight 
feet  at  a  low  stage  of  the  river.  This  sixty  feet  of  foreshore  was  cut 
away  in  a  short  time. 

*  The  zero  of  river  gauge  at  New  Orleans  was  changed  on  November  1st,  1885,  from  high, 
water  of  1874  to  low  water  of  1876.  This  change  makes  the  readings  16.2  feet  lower  than 
those  made  previous  to  November  Ist,  1885. 
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On  Marcli  27th  the  dimensions  of  the  crevasse  was  found  to  be  as 
follows  : 

Eiver  below  flood  stage 0.5  feet. 

Width  of  outlet 557 

Area  of  outlet 11  640     square  feet. 

Reduced  mean  velocity  per  second 12.9  feet. 

Discharge  through  outlet  per  second 140  156     cubic  feet. 

After  subsidence  of  high  water  it  was  found  to  be  1  400  feet  wide. 

In  the  incipient  stage  of  the  break  an  attempt  was  made  to  close  it 
by  the  Texas  and  Pacific  Railroad  Company  and  Morgan's  Louisiana 
and  Texas  Railroad  Company,  their  tracks  being  submerged  by  the 
waters  of  the  crevasse,  but  after  considerable  expense  in  labor  and  ma- 
terial their  efforts  proved  fiitile.  In  a  few  weeks  a  section  of  country 
(as  represented  by  the  accomi^auying  map,  Plate  XXIII)  some  thirty-three 
hundred  square  miles  in  area  became  an  inland  sea,  separated  from  the 
river,  as  it  were,  by  a  green  ribbon  of  levee.  Sugar  and  rice  planta- 
tions, with  the  many  vegetable  and  fruit  farms,  for  over  sixty  miles 
above  the  city,  and  to  the  limit  of  planting  interests,  some  sixty-five 
miles  below  the  city,  were  covered  with  water  from  three  to  five  feet 
deeji.  It  may  be  interesting  to  state  that  the  IT.  S.  steamer  Patrol,  a 
stern-wheeler  110  feet  long,  drawing  over  four  feet  of  water,  whilst  in 
the  service  of  gauging  the  crevasse,  was  carried  through  the  break  with- 
out injury,  and  was  afterwards  piloted  safely  across  the  overflowed 
country  to  Bayou  La  Fourche,  and  thence  back  to  the  Mississippi  River. 

The  suburbs  of  New  Orleans,  Gretna,  Gouldsboro  and  Algiers  were 
mostly  under  water,  with  here  and  there  isolated  spots,  which,  by  their 
favored  positions  or  back  levees,  were  able  to  keep  the  crevasse  water 
out  of  the  dwellings  and  yards. 

The  road-bed  of  the  Morgan's  Louisiana  and  Texas  Railroad  Com- 
jiany  was  damaged  and  submerged  for  forty-eight  miles.  The  road-bed 
of  the  Texas  and  Pacific  Railroad  Company  was  damaged  and  submerged 
for  over  twenty  miles.  For  a  i^eriod  covering  more  than  four  months 
these  sections  of  roads  could  not  be  iitilized,  and  joassengcrs  and  freight 
had  to  be  transported  by  boats  to  their  respective  termini  above  overflow. 

The  following  estimated  losses  of  the  Morgan's  Louisiana  and  Texas 

Railroad  from  Davis  crevasse  is  transmitted : 

"  The  loss  in  l)usiness  is  based  on  the  decrease  in  net  earnings, 
amounting  to  ^693  972.48,  which  result  was  brought  about  by: 


f 
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"First. — Increased  cost  of  operation  by  roundabout  and  expensive 
routes. 

"  Second. — Diminished  revenue. 

"  Third. — The  small  volume  of  business  done  after  the  reoj^ening  of 
the  road,  on  account  of  the  country  tributary  to  it  having  been  ruined. 

"Trains  stopped  running  on  March  11th,  1881,  and  commenced 
running  again  on  July  26th,  1884. 

"It  would  not  be  out  of  proportion  to  estimate  the  cost  of  protect- 
ing the  forty-eight  miles,  and  of  putting  them  in  first-class  order  after 
the  overflow,  at  five  hundred  dollars  per  mile,  or  ■S24  000. 

"  Money  actually  sjient  in  attempting  to  close  Davis  crevasse,  $22  500. 

"It  is  impossible  to  estimate  the  losses  incurred  by  the  Texas  and 
Pacific  Kailroad  from  this  crevasse  alone.  On  March  20th  the  Atch- 
afalaya  Eiver  overflowed  its  banks  and  siibmerged  the  track  in  the 
swamps,  so  that  the  New  Orleans  Division  Avas  not  operated  south  of 
Bunkie  from  March  20th  until  August  15th,  when  the  repairs  of  road- 
bed at  Davis  crevasse  were  comijleted,  and  the  line  operated  through 
to  Goiildsboro. 

"  Amount  expended  by  Texas  and  Pacific  Eailroad  in  efi'orts  to  close 
the  crevasse,  including  labor  and  material,  about  fourteen  thousand 
dollars." 

It  was  not  until  the  latter  end  of  August  of  that  year  that  the  water 
over  tbe  land  and  in  the  river  had  sufficiently  declined  to  make  instru- 
mental surveys  for  a  line  of  levee  to  inclose  the  break.  As  engineer  in 
charge  of  that  levee  district,  the  surveys  were  intrusted  to  me.  Two 
lines  for  a  levee  were  located,  one  to  circumvent  the  washout  or  gulch 
■caused  by  the  crevasse,  as  represented  by  the  dotted  line  A  B^  C^  D  (see 
Plate  XXIV),  requiring  about  one  hundred  and  sixty-five  thousand  cubic 
yards  of  earth;  and  the  one  finally  adopted  and  built  across  the  channels, 
as  represented  by  the  line  A  B  C  D,  three  thousand  eight  hundred  and 
one  feet  in  length,  requiring  some  one  hundred  and  fifty-three  thousand 
cubic  yards  of  earth. 

This  line  off'ered  considerable  difficulties  in  surveying,  as  the  surface 
of  the  ground  was  very  much  honeycombed  by  the  waters  of  the  cre- 
vasse, and  the  channels  at  that  stage  of  the  river  averaged  sixteen  feet 
deep. 

On  the  decline  of  the  river  in  August,  the  Texas  and  Pacific  Eail- 
road Comi)any,  whose  track  was  nearest  the  break,  had  trestled  over  the 
channels  of  the  crevasse  in  pretty  much  the  same  line  as  their  original 
road-bed,  and  this  trestle  served  the  purpose  of  a  base  to  arrive  at  an 
accurate  survey  and  cross-section  of  the  ground  adjacent  thereto.  This 
line,  after  due  deliberation,  was  adopted  by  the  Board  of  State  Engineers, 
not  only  because  it  was  much  the  shorter  of  the  two  and  contained  less 
yardage,  but  that  the  levee  on  this  line  could  the  more  easily  and  readily 
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be  built,  as  tlie  existing  trestle  of  the  Texas  and  Pacific  Eailroad  Com- 
pany was  utilized  for  the  construction  of  the  larger  sections  of  the  em- 
bankment across  the  channels,  by  hauling  earth  in  flat-bottom  cars, 
using  a  steel  plow  and  cable  to  unload  them,  whilst  the  approaches  or 
wings  could  be  built  with  wheelbarrows,  aud  the  construction  of  these 
different  sections  of  levee  kept  in  progress  independent  of  each  other. 

With  this  purpose  the  following  designs  of  sections  for  the  embank- 
ment were  devised  and  adopted  by  the  Board  of  State  Engineers.  (Plate 
XXV). 

Fig.  1. — Average  cross-section  of  levee  for  upper  wing  or  aijproach. 

Fig.  2. — Average  cross-section  of  levee  for  lower  wing  or  approach. 

Fig.  3. — Cross-section  of  levee  for  deepest  portion  of  channel  on 
river  side  of  railroad  trestle. 

Fig.  4. — Cross-section  of  levee  for  deepest  poitionof  channel  on  land 
side  of  railroad  trestle. 

On  Sejitember  5th,  1884,  a  force  of  about  one  hundred  able-bodied 
men  began  breaking  ground  and  wheeling  earth  on  the  upper  wing  or 
approach  CD. 

On  September  11th,  1884,  a  similar  force  was  put  to  work  on  the 
lower  wing  or  ai^jiroach  A  B.  Another  camp  of  about  eighty  men  later 
on  were  put  to  excavating  a  pit  for  loading  the  ears. 

The  approaches  or  wings,  aggregating  some  thirty-eight  thousand 
seven  hundred  and  fifty  cubic  yards  of  earth,  were  completed  about 
October  1st,  1884. 

The  camps  were  then  concentrated  on  the  curtain  or  main  line  of 
levee,  which  was  partially  built  with  earth  hauled  in  flat-bottom  cars, 
and  then  topped  ofi"  with  wheelbarrows. 

In  the  months  of  January  and  the  early  portion  of  February,  1885,  the 
lower  Mississippi  River  attained  an  unprecedented  height  for  that  time 
of  the  year,  averaging  some  two  feet  below  the  high  water  mark  of  1874 
at  New  Orleans. 

During  this  period  some  three  hundred  and  fifty  feet  in  length  of  the 
embankment  across  the  upper  and  deepest  portion  of  the  channels  of  the 
crevasse  was  in  a  precarious  condition,  as  scarcely  more  than  one-third 
of  the  earth  required  had  been  placed  in  position,  and  in  consequence 
gave  r^se  to  great  anxiety  to  the  railroad  authorities  and  other  parties 
interested.  The  river  subsided  as  quickly  as  it  had  risen,  and  subse- 
quently during  the  spring  floods  never  attained  its  February  height. 
This  uneasiness  led  the  railroad  authorities  to  drive  a  row  of  sawed  piles 
twelve  inches  square  and  fifty  feet  long  across  the  upper  channel. 
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At  the  suggestion  of  the  Superintendent  and  Engineer  of  the  Mor- 
gan's Louisiana  and  Texas  Eailroad  Company,  they  were  driven  on  the 
river  side  forty  feet  from  center  of  levee  when  completed,  some  fifteen 
feet  in  the  solid  ground,  six  feet  from  centers,  and  capped  with  an 
horizontal  piece  of  twelve  by  twelve-inch  bolted  through  the  head  of 
the  piles. 

Sections  of  the  embankment  across  this  upper  channel  taken  on 
February  9th,  1885,  showed  the  piles  to  be  leaning.  As  the  earth  was 
placed  in  position  these  piles  continued  to  give  way,  until  finally  they 
were  completely  overturned.  A  second  row  of  round  piles  outside  of 
these  were  then  driven,  which  met  with  a  similar  fate.  The  river  half 
of  this  section  of  the  embankment,  as  referred  to  above,  would  crack 
and  slide  with  a  slow  motion  towards  the  river,  the  tendency  and 
amount  of  slide  increasing  or  decreasing  with  the  fall  and  rise  of  the 
water,  whilst  the  half  section  on  the  land  side  remained  firm  and  steady 
Avith.  no  disposition  to  change  its  slope  of  three  to  one. 

In  consequence  of  this  it  became  necessary  to  keep  a  wheeling  force 
of  upwards  of  sixty  men  during  high  water  season  to  keep  the  dump 
above  the  surface  of  the  water  in  the  river.  When  the  river  had  sufli- 
ciently  declined  so  as  to  leave  this  section  of  the  embankment  out  of 
danger,  it  was  deemed  advisable  to  relieve  the  wheeling  force,  as  it  was- 
presumed  that  the  summer  months  would  dry  up  and  help  this  sliding 
portion  of  levee.  It  was  also  foufid  that  there  had  been  over  twelve  feet 
of  deposit  from  the  river  in  the  main  channel  of  the  crevasse. 

In  the  following  fall  a  force  of  about  twenty  wheelbarrows  were  put 
to  work  to  complete  this  section  of  the  embankment,  it  being  estimated 
that  some  twenty- six  hundred  cubic  yards  of  earth  would  be  required  to 
bring  it  up  to  grade. 

On  October  27th  the  sliding  of  this  section  of  the  embankment  began 
to  reshow  itself;  the  wheeling  force  was  kept  at  work  to  April,  1886, 
when  it  was  relieved,  as  the  embankment  had  about  come  to  its 
bearings. 

The  cost  of  this  levee  up  to  date  amounts  to  S38  145.  It  is  probably 
the  cheapest  levee  for  its  magnitude  ever  constructed  in  this  State. 
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EEPLACING    THE    STONE    TOWEES    OF    THE 

NIAGARA     RAILWAY      SUSPENSION 

BRIDGE,  WITH  IRON  TOWERS. 


By  L.  L.  Buck,  M.  Am.  Soc.  C.  E. 
Bead  November  2d,  1887. 


It  is  not  the  intention  in  this  paper  to  give  a  minutely  detailed 
description  of  tlie  old  stone  towers  of  the  bridge,  but  merely  sucli  a  brief 
description  as  will  exj^lain  their  condition,  the  causes  which  led  to  their 
replacement  and  the  manner  in  which  it  w^as  done. 

The  stone  towers  rested  on  the  rock  which  forms  the  banks  of  the 
gorge  spanned  by  the  bridge.  On  the  ^ew  York  side  they  were  about  90 
feet  in  height,  from  the  rock  to  the  center  of  the  cables,  where  they  rest 
in  the  saddles.  On  the  Canadian  side,  the  rock  being  about  10  feet 
higher  than  on  the  New  York  side,  the  towers  were  about  80  feet  high. 
Each  tower,  of  a  pair  on  either  side  of  the  river,  had  a  heavy  base  of 
rock  faced  ashlar,  extending  to  about  the  level  of  the  upi^er  chords  of 
the  stiflfening  trusses  of  the  bridge,  and  the  two  bases  were  connected 
by  an  arch  to  support  the  railway  track,  between  the  towers,  and  allow 
of  the  passage  of  pedestrians  and  vehicles  to  the  lower  floor.  The 
portion  of  each  tower  above  the  base  api>roxiniated  to  the  frustrum  of  a 
pyramid  15  feet  square  at  the  base  and  8  feet  square  at  the  top.  They 
were  built  of  dressed  limestone,  laid  in  Thorold  cement  mortar.  The 
top  of  each  tower  was  entirely  covered  by  a  cast-iron  bed-plate  2J 
inches  thick.  On  the  upper  surface  of  this  bed-plate  were  cast  three 
ribs,  parallel  to  the  direction  of  the  .cables,  21  inches  thick  by  7  J  inches 
high,  and  extending  across  the  plate.     The  two  spaces  thus   left  be- 
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tween  the  ribs  were  2  feet  2  inclies  wide,  and  truly  planed  on  their 
bottoms  and  sides.  In  each  space  were  ten  cylindrical  cast-iron  rollers, 
turned  to  5  inches  diameter  by  2  feet  Ij  inches  long,  laid  close  together, 
side  by  side,  and  transversely  to  the  ribs.  On  each  set  of  rollers 
rested  a  saddle  of  cast-iron,  5  feet  long  by  2  feet  1|  inches  wide  at  the 
base,  the  under  side  of  which  was  planed  to  rest  on  the  rollers.  The 
upper  i^ortion  of  the  saddle  was  provided  with  the  usiial  U  shaped 
groove  in  which  the  cable  was  laid  with  an  easy  curve.  Through  the 
upper  portion  of  the  saddle,  between  the  base  and  JJ  shaped  groove, 
were  cored  nine  holes,  extending  from  side  to  side.  These  holes  are 
mentioned  here  for  the  reason  that  they  served  an  important  purpose  in 
securing  the  cables  to  the  lifting  apparatus. 

The  stone  of  which  the  towers  were  built  was  limestone,  quarried  near 
the  site  of  the  bridge.  A  few  of  the  first  stones  laid  at  the  bottoms  of  the 
towers  were  taken  from  the  surf  ace  stratum  and  remained  sound;  but,  for 
some  reason  not  explained,  all  the  remaining  stones  were  taken  from  a 
stratum  below,  which  would  not  l)ear  exposure  to  the  weather. 

Sometime  after  the  completion  of  the  towers  the  defective  character 
of  the  stone  began  to  manifest  itself.  Irregular  shaped  pieces  would 
become  detached  and  cracks  appeared  in  various  parts  of  the  surface. 
Painting  was  resorted  to  as  a  preservative,  and  was  continued  at  inter* 
vals,  as  long  as  the  towers  were  retained. 

My  first  experience  with  the  bridge  was  in  1877.     At  that  time  the 
surfaces  of  the  towers  were  considerably  disintegrated,  and  pieces  had  . 
fallen  off  here  and  there.     Most  of  the  cracks  were  in  every  conceivable 
direction,  but  there  were  a  number  of  cracks  which  took  a  nearly  verti- 
cal direction,  generally  indicative  of  pressure  being  their  cause. 

But  little  attention  was  given  to  the  towers  at  the  time  of  their  in- 
spection that  year,  for  the  reason  that  the  condition  of  other  portions  of 
the  bridge  was  apparently  of  more  importance. 

New  face  stones  had  from  time  to  time  l>een  inserted.  But  in  1880, 
while  the  work  of  rebuilding  the  suspended  superstructure  was  in  prog- 
ress, the  surfaces  of  the  towers  were  in  bad  condition,  numerous  jsrettj 
large  pieces  having  fallen  q&,  and  a  good  many  more  were  loosened  and 
ready  to  fall.  At  that  time  I  noticed  that,  in  external  appearance,  the 
most  defective  portions  of  the  towers  were  those  located  about  one-third 
the  distance  from  the  level  of  the  railway  floor  to  the  top,  and  that  the 
disintegration  gradually  decreased  as  the  distance  above  and  below  this 
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point  increased.  This  api^earance  could  only  be  accounted  for  l)y  sup- 
posing that  the  towers  were  being  subjected  to  a  considerable  bending 
stress,  which  by  opening  the  joints,  cracking  the  paint  and  admitting 
water,  coujiled  with  the  increased  pressure  at  the  surface,  and  the  bad 
character  of  the  stone,  would  fully  account  for  it.  Moreover  this  was 
the  jjart  of  the  tower  subjected  to  the  greatest  l)ending  stress. 

The  cause  of  this  bending  stress  was  the  elongation  and  contraction 
of  the  cables  between  the  towers  and  the  anchorage,  produced  by  live 
load  stress  and  changes  of  temperature.  This  portion  of  the  cable 
is  as  nearly  straight  as  its  own  weight  alone  will  allow  the  tensive  stress 
to  which  it  is  subjected  to  make  it ;  the  deflection  averaging  about  15 
inches.  The  maximxim  movement  at  the  top  of  the  tower,  produced  by 
the  live  load,  is  about  f  inch,  while  that  produced  by  temperature, 
between  extremes,  is  a  little  over  two  inches.  As  these  two  act  in  concert 
only  at  the  higher  temperature,  it  is  evident  that  the  greatest  movement* 
of  the  saddle  at  extreme  high  temperature  would  be  about  1|  inches 
from  its  normal  position  and  toward  the  river,  while  in  the  opposite 
direction  itjwould  move  from  the  normal  position  to  that  at  extreme  low 
temperature,  about  1  inch. 

In  1880  the  greatest  movement  of  the  saddles  with  respect  to  the  bed- 
plate was  ^  inch.  The  rollers  were  so  situated  as  to  be  inaccessible 
excepting  by  cutting  away  the  outer  ribs  of  the  bed-plate,  but  these  ribs 
were  the  only  guides  to  prevent  the  saddles  from  working  laterally,  and 
as  events  have  since  proved,  it  could  not  have  been  of  any  benefit. 

After  completing  the  suspended  superstructure  of  the  bridge,  I  was 
requested  by  the  Board  of  Direction  to  report  upon  the  condition  of  the 
towers  and  as  to  what  ought  to  be  done  ui^on  them. 

My  examinations  had  already  convinced  me  that  any  plan  for 
buttressing  the  towers  or  otherwise  attempting  to  prevent  their  bending 
would  prove  abortive.  If  encased  in  sheet  iron  nothing  could  be  known 
of  the  changes  taking  i^lace  within,  and  as  the  motion  would  still  con- 
tinue, it  Avas  very  doubtful  whether  such  covering  could  be  kept 
•water-proof. 

The  only  plan  that  promised  any  success  appeared  to  be  that  of  cut- 
ting away  the  defective  portions  of  the  stone  to  various  depths  or  till 
the  sounder  portions  within  were  reached,  and  then  reface  the  towers 

*  Since  the  above  was  written  the  movcmeut  for  the  present  wiuter  between  -\-  40  degrees 
and  zero  has  been  IJ  inches. 
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with  new  stones,  thoroughly  anchored  to  the  interior  portion,  and  cement 
and  grout  all  interstices. 

There  appeared  to  be  a  possibility  that  if  this  work  was  well  and 
carefully  done,  the  new  covering  woiild  i^ossess  sufficient  flexibility  to 
allow  of  the  swaying  of  the  tower  without  crushing  the  new  stone.  At 
that  time  it  was  supposed  that  the  interior  portions  of  the  towers  were 
sound. 

My  report  favored  this  plan  as  an  experiment,  and  it  was  decided  to 
have  the  work  done.  The  refacing  was  completed  in  the  latter  part 
of  the  year  1883;  the  last  tower  treated  being  the  north  one  on  the 
Canadian  side. 

During  the  summer  and  fall  of  that  year  I  was  in  Portland,  Oregon, 
and  consequently  saw  very  little  of  the  interior  portion  of  this  last 
tower,  as  disclosed  by  the  cutting  away.  On  my  return  from  the  West 
I  was  informed  by  Mr.  Patten,  who  had  charge  of  the  work,  that  this 
last  one  had  two  cracks  in  it  of  such  a  serious  nature  that  they  gave  him 
considerable  uneasiness.  One  of  these  cracks  started  at  the  middle  of 
the  top  of  the  south  side,  and  the  other  at  the  middle  of  the  top  of  the 
west  side.  Both  extended  downward,  gradually  approaching  the  south- 
west corner,  where  they  met  at  a  point  above  the  railway  floor  about 
one-third  the  height  of  the  tower  above  that  floor. 

A  close  watch  was  kept  upon  the  towers  to  detect  any  change  that 
might  occur. 

In  September,  1885,  I  inspected  the  towers .  At  that  time  the  north 
tower  on  the  New  York  side  was  apparently  in  fair  condition.  The  south 
tower,  on  the  same  side,  had  opened  some  of  its  joints  slightly,  and  two 
or  three  of  the  new  facing  stones  were  slightly  cracked.  On  the  Cana- 
dian side  the  south  tower  had  opened  some  joints  and  cracked  some  of 
the  new  stones.  A  serious  crack  had  also  started  in  the  old  stones  on 
the  east  face,  beginning  about  twelve  inches  from  the  northeast  corner. 
Thence  it  extended  upward  and  toward  the  middle  of  the  face,  through 
three  courses.  This  was  more  serious  than  the  cracks  in  the  new  fac- 
ing, for  the  reason  that  as  the  old  stones  were  originally  very  large, 
such  a  crack  must  necessarily  extend  to  a  great  depth. 

The  north  tower  was  in  a  far  worse  condition  than  any  of  the  others. 
Many  of  the  joints  in  the  new  faces  had  opened;  but,  on  the  south  and 
west  faces,  the  joints  had  not  only  opened  but  many  of  the  stones  were 
badly  cracked,  and  the  southwest  corner,  at  the  point  above  mentioned, 
appeared  about  ready  to  fall  out. 
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At  this  time,  motion  of  the  saddles  on  the  rollers  had  about  ceased. 
This  could  have  been  remedied  by  lifting  the  saddles,  removing  the  old 
rollers,  and  by  using  a  larger  number  of  rollers  of  less  diameter  with 
new  planed  jjlates  above  and  below  them,  and  then  by  refacing  the 
towers, they  might  be  made  to  stand  some  time  longer.  But  the  expense  for 
apparatus  and  refacing  would  be  considerable,  while  the  internal  condi- 
ion  of  the  towers  would  still  be  uncertain.  Moreover,  all  the  rollers  on 
top  of  one  tower  only  covered  an  area  of  3  feet  4  inches  by  4  feet  7  inches 
equaling  17.18  square  feet.  The  bed- plate  could  not  effectually  increase 
the  area  of  distribution  of  the  weight  to  more  than  25  square  feet.  The 
maximum  weight  of  about  900  tons  resting  on  the  rollers  would  cause  a 
pressure  of  36  tons  per  square  foot  on  the  masonry.  As  shown  by 
sounding  the  plates  around  the  edges  with  a  hammer,  the  area  given 
above  as  actually  being  pressed  upon  is  certainly  not  understated. 
There  w^as  consequently  a  probability  that  (considering  the  character  of 
the  stone  in  the  towers)  the  interior  stones  at  the  tojas  of  the  towers 
would  be  found  unsound. 

These  considerations  decided  me  to  report  in  favor  of  replacing  the 
towers  with  iron. 

The  following  winter  I  prepared  plans  for  the  new  towers,  and  the 
Board  of  Direction  having  decided  to  act  upon  the  recommendation,  the 
contract  for  the  iron  work  was  let  to  the  Detroit  Bridge  andiron  Works. 

The  plans  for  the  new  towers,  method  of  erection  and  of  transferring 
the  cables  were  according  to  the  following  description  (see  Plate  XXVI). 

Each  iron  tower  is  made  up  of  four  wrought-iron  columns,  braced 
transversely  and  longitudinally  by  wrought-iron  struts  and  rods.  Each 
column  rests  upon  a  limestone  pedestal,  founded  on  the  rock  and 
capi^ed  with  granite.  The  outer  portions  of  the  old  bases  were  cut 
away  to  make  room  for  the  new  pedestals.  The  tops  of  each  pair  of 
columns  ai-e  connected  by  a  heavy  web  plate  secured  to  each  w^eb  of  each 
column  by  angles  and  rivets.  Their  tops  are  covered  by  a  wrought-iron 
plate  truly  planed  to  i)resent  a  level  surface  when  in  jDosition,  thus 
forming  a  cap.  On  the  caps  of  the  two  pairs  of  columns  rests  the  main 
bed,  built  up  of  wrought-iron  plates  and  angles.  •  It  is  in  plan  9  feet  2 
inches  long  by  5  feet  3  inches  wide  and  in  height  3  feet  8  inches.  Its 
weight  is  about  9^  tons.  The  whole  of  its  top  surface  is  truly  planed. 
On  it  are  laid  flat,  with  no  fastening,  two  steel  plates,  each  2  feet  2  inches 
wide,  I  inch  thick  by  7  feet  long,  with  both  sides  and  both  edges  planed 
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parallel.  Tliese  plates  are  laid  with  their  long  sides  parallel  with  the 
direction  of  the  cable.  On  top  of  the  steel  plate,  and  laid  transversely, 
are  eighteen  steel  rollers,  turned  truly  cylindrical,  with  diameters  of  4 
inches  and  length  between  shoulders  equal  to  the  width  of  the  steel  plate. 
The  ends  of  each  roller  have  trunions  which  enter  into  holes  in  the  side 
pieces  of  the  roller  frame.  The  side  pieces  of  this  frame  are  1  inch 
thick  by  scant  5J  inches  wide,  and  have  their  inner  faces  and  both  edges 
planed  so  as  to  come  into  neat  contact  with  the  edges  of  the  steel  plates 
and  shoulders  of  the  rollers.  Kesting  on  the  rollers  is  a  cast-iron  bed 
whose  base  is  7  feet  long  by  2  feet  4  inches  wide,  height  18  inches,  and 
top  5  feet  by  2  feet  2  inches.  The  top  and  bottom  surfaces  are  planed 
parallel,  and  to  the  under  surface  is  riveted  a  planed  steel  plate  of  the 
same  dimensions  as  that  under  the  rollers.  By  this  arrangement  the 
rollers  are  protected  from  water  and,  as  far  as  possible,  from  dust.  On 
this  casting  rests  the  old  saddle.  In  addition  to  the  bracing  of  each 
tower,  each  pair  of  towers  is  braced  together  transversely. 

The  transferring  apparatus  consisted  of  four  cast-iron  columns,  two 
transverse  and  two  longitudinal  girders,  six  125-ton  hydraulic  jacks,  a 
({uantity  of  wrought-iron  shim  plates  and  of  fine  quality  of  No.  8  cast- 
steel  wire. 

When  the  columns  of  the  towers  had  been  erected  in  i)lace,  the 
transverse  bracing  was  put  in  immediately,  but  the  longitudinal  bracing- 
could  not  be  put  in  till  the  stone  towers  were  removed.  Consequently 
their  place  was  temporarily  supialied  by  clami^ing  the  iron  work  to  the 
stone  towers. 

After  the  columns  had  been  so  placed  and  clamped,  the  temporary 
cast-iron  columns  were  set  up,  one  at  each  end  of  each  cap,  when  their 
upper  ends  extended  above  the  cable,  and  the  space  between  a  pair  of 
the  cast  columns  was  such  as  to  allow  of  passing  the  large  bed  between 
them.  On  tojD  of  each  pair  of  cast-iron  columns  rested  a  transverse 
girder,  and  on  the  two  tranverse  girders  rested  the  ends  of  the  two  lift- 
ing girders.  When  in  position,  each  lifting  girder  was  directly  over 
and  parallel  to  a  saddle.  The  saddles  were  then  secured  to  the  lifting 
girders  by  passing  the  steel  wire  through  the  before-mentioned  holes  in 
the  saddles  and  up  over  cast-iron  blocks  on  the  lifting  girders.  The 
■wire  was  thus  passed  continuously  around  with  three  hundred  and  fifty 
turns  for  each  saddle. 

The  six  jacks  were  then  set  under  the  transverse  girders  and  resting 
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on  the  caps  of  the  wrouglit-iron  columns,  in  the  space  througli  whicli  the 
bed  was  to  pass — three  jacks  under  each  transverse  girder.  The  bed 
was  then  hoisted  on  the  side  toward  the  river  and  temporarily  sup- 
ported, close  under  the  cables,  by  a  wrought-iron  frame,  the  end  of  the 
bed  next  to  the  tower  resting  on  rollers  to  allow  of  its  being  easily 
moved.  The  cast-iron  saddle  beds,  rollers  and  steel  plates  were  then 
raised  and  conveniently  placed  on  the  staging,  between  the  towers. 

The  six  jacks  were  then  operated  simultaneously,  thus  lifting  the 
transverse  girders,  Avhich  raised  the  longitudinal  girders,  carrying  the 
saddles  and  cables  with  them.  As  the  transverse  girders  raised, 
the  iron  shim  plates  were  inserted,  between  their  ends  and  the 
tojas  of  the  cast-iron  columns,  till  a  sufficient  number  of  the  plates  had 
been  inserted  to  keep  the  saddles  clear  of  the  old  rollers,  when  the  jacks 
had  been  discharged.  As  this  required  a  considerable  number  of  the 
plates,  it  was  necessary  to  drive  them  in  pretty  firmly  with  a  hammer, 
otherwise  their  irregularities  woitld  keep  them  sufficiently  separated  to 
allow  the  heavy  weight  to  fall  through  a  considerable  distance  and  pro- 
duce a  disagreeable  shock.  After  the  whole  weight  had  been  thus 
tranferred  to  the  cast-iron  columns,  the  jacks  were  again  forced  up 
against  the  girders,  with  a  fair  pressure,  for  additional  safety.  The 
weight  now  rested  on  the  iron  work. 

The  old  bed  Avas  next  raised,  clear  of  the  masonry,  and  suspended 
by  rods  to  the-  lifting  girders.  The  upper  three  courses  of  masonry 
were  then  removed.  The  jacks  were  then  set  to  one  side,  and  into  the 
clear  space,  thus  made  for  it,  the  large  wrought-iron  bed  was  moved, 
correctly  placed,  and  bolted  to  the  caps.  The  old  bed  was  then  lowered 
onto  the  new  one,  the  rollers  taken  out  and  thrown  to  the  ground,  and 
the  old  bed-plate  temporarily  placed  on  the  iron  frame  which  had  sup- 
ported the  new  bed. 

It  now  remained  only  to  place  the  steel  plates,  rollers  and  saddle 
beds  on  the  new  bed,  set  the  jacks  on  the  ends  of  the  new  bed,  under- 
neath the  transverse  girders,  lift  them  high  enough  to  release  the  shims, 
which  were  then  removed,  and  by  simultaneously  discharging  the  jacks, 
the  saddles  were  allowed  to  settle  permanently  onto  their  new  beds.  This 
completed  the  transfer  for  that  tower.  Each  of  the  four  towers  were 
successively  treated  in  the  same  manner. 

The  stone  towers  had  then  to  be  removed.  While  this  was  being 
•done  it  was   necessary  to   temporarily  supply  the  place  of  the  longi- 
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tudinal  bracing,  by  wooclea  shores  against  various  parts  of  the  masonry. 
As  rapidly  as  the  sections  of  iron  work  were  uncovered,  the  iron  struts 
and  rods  were  jsut  in  and  secured. 

After  all  the  preparations  for  a  transfer  were  completed,  the  time 
consumed  in  making  the  change,  including  the  removal  of  the  top  three 
courses  of  masonry  and  the  old  bed-plate,  was  eight  and  one-half  hours, 
excepting  in  the  case  of  the  first  one  which  required  longer  time. 

Trains  were  not  allowed  on  the  bridge  while  the  transfer  was  being 
made. 

The  total  weight  raised  by  the  six  jacks  was  aboiit  650  tons.  Two 
men  were  at  each  jack  to  operate  it. 

Condition  of  the   Old   Towers  as  Developed  by   the   Pkogbess  of 

THE  Work. 

In  cutting  away  the  faces  of  the  old  towers  at  the  tops,  the  stones 
were  found  to  be  cracked  through  vertically,  some  of  them  in  several 
places.  Some  of  the  stones  were  not  more  than  half  bedded  near  the 
top,  so  that,  in  some  cases,  a  two-foot  rule  could  be  inserted  its  whole 
length  and  swung  around  in  the  space.  In  such  cases  the  space  had  to 
be  filled  with  cement  before  the  cutting  was  allowed  to  proceed. 

When  the  weight  was  lifted  from  the  old  bed-plate,  it  raised  in  the 
middle  nearly  a  quarter  of  an  inch.  In  removing  the  top  three  courses, 
the  interior  stones  were  found  to  be  badly  shattered  in  every  direction, 
and  in  barring  them  out  they  flaked  into  spawls.  While  the  stones 
were  thus  broken  up,  the  cement  gave  indications  of  having  been  ex- 
cellent. 

When  access  to  the  old  rollers  was  obtained  they  were  found  to  be  em- 
bedded in  cement  and  iron  rust,  the  spaces  between  them  and  between 
their  ends  and  the  ribs  of  the  bed-jjlate  being  filled  with  this  cement, 
which  had  become  so  firm  that  a  chisel  bar  was  required  in  extricating 
the  rollers.  Thus  each  roller  was  lying  in  a  trough,  and  whatever  water 
found  its  way  in  there  could  only  escape  by  evaporation.  While  this 
cement  had  originally  allowed  the  roller  some  motion,  the  corrosion 
caused  by  the  water  operating  upon  the  iron  surface,  ke^jt  clean  by  the 
heavy  rolling  pressure,  had  flattened  the  bottom  sides  of  the  rollers  more 
than  ^2-  inch,  and  produced  depressions  in  the  bed  j^late  to  the  dejDth 
of  "3%  inch,  and  in  these  depressions,  assisted  by  the  iron  rust  and 
cement,  the  rollers  had  come  to  have  a  very  snug  bed.     The  top  of  the 
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roller  and  iinder  side  of  the  saddle,  although  slightly  rusty,  were  all  right 
and  true. 

In  view  of  the  condition  of  the  top  courses  of  masonry  and  of  the 
rollers,  there  is  little  reason  to  doubt  that  had  any  successful  plan  been 
adopted  to  resist  the  swaying  of  the  towers,  it  must  have  resulted  in 
their  prompt  destruction  by  the  consequent  grinding  down  of  the  top. 
On  the  day  when  the  second  transfer  was  made  the  thermometer 
stood  at  +  7°.  On  lifting  the  saddles  from  the  rollers  the  top  of  the 
tower  suddenly  sprung  toward  the  liver  |  inch.  It  can  only  be  con- 
jectured as  to  how  much  stress  was  imposed  upon  the  anchorage  in 
producing  this  bending  of  the  tower.  But  it  must  have  been  con- 
siderable. One  circumstance  which  occurred  will  aid  such  conjecture 
to  some  extent.  The  tops  of  the  towers  on  the  Canadian  side  were 
found  to  be  about  two  inches  nearer  together  than  their  bases,  and  an 
effort  was  made  to  force  them  apart  with  one  of  the  large  jacks^.  The 
distance  was  increased  i  inch  with  little  trouble,  but  when  it  had  in- 
creased g  inch  the  timber  struts,  against  which  the  jack  was  pressing, 
began  to  buckle  and  the  attempt  was  abandoned.  There  was  at  that 
time  a  probable  pressure  of  60  tons  on  the  jack.  When  it  is  remem- 
bered that  the  J  inch  is  the  amount  which  60  tons  increased  the  distance 
by  bending  the  two  towers  in  opposite  directions  it  will  be  seen  that 
bending  one  alone  f  inch  would  require  a  very  much  greater  force. 

The  removal  of  the  old  towers  was  a  somewhat  tedious  process  for 
the  following  reasons: 

First. — The  work  was  done  among  the  columns,  rods,  struts,  clamps 
and  temporary  wooden  shores. 

Second. — It  was  done  in  freezing  winter  weather. 

Third. — Each  course  was  connected  with  the  course  below  it  by 
several  iron  dowels. 

So  far  as  I  could  learn  no  whole  stone  was  found  in  taking  the  towers 
down  to  the  level  of  the  new  pedestals,  which  was  as  low  as  they  were 
removed. 

In  conclusion,  I  wish  to  express  my  satisfactio:i  at  the  disposition 
manifested  by  the  gentlemen  of  the  Detroit  Bridge  and  Iron  Works  to 
make  the  workmanship  first-class,  and  also  to  thank  their  erecting  fore- 
man, Mr.  J.  H.  Stoughtion,  for  his  uniform  caution  in  erecting  the  iron 
work  and  for  his  valuable  assistance  while  making  the  transfers. 
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REPOET  OF  PROGRESS  OF  THE  COMMITTEE^ON 
THE  COMPRESSIVE  STRENGTH  OF  CEMENTS 
AND  THE  COMPRESSION  OF  MORTARS  AND 
SETTLEMENT  OF  MASONRY. 


Pkesented  at  the  Annual  Convention,  July  4th,  1887. '^ 


Your  Committee  liave  been  able  to  make  some  progress  during  tlie 
past  six  months,  but  not  so  much  as  they  had  hoped,  and  beg  leave  to 
make  a  partial  report  and  continue  their  work,  deferring  a  final  report 
until  such  time  as  they  feel  they  have  accomplished  that  for  which  they 
were  appointed. 

Professor  Swain,  by  the  aid  of  two  of  his  students  (Messrs.  William 
C.  Cushing  and  Walter  F.  Thompson),  has  extended  the  experiments 
upon  changes  of  dimension  during  induration  to  our  American  cements. 
From  an  extensive  memoir,  comprising  as  well  their  experiments  upon  a 
number  of  other  points  foreign  to  our  investigation,  we  condense  the 
following  statement.  This  was  partially  reported  upon  at  the  annual 
meeting  in  January,  and  we  omit  the  description  of  apparatus  which 
was  then  given,  f 

*  Committee:  Messrs.  F.  Collingwood,  D.  J.  Whittemore,  W.  W.  Maclay,  T.  C.  McCollom, 
George  F.  Swain,  and  A.  V.  Abbott. 
t  Proceedings  January,  1887,  p.  5. 
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The  Cements  used  were  F.  O.  Norton's  Rosendale  (marked  L);  New- 
•ark  aud  Rosendale  (N);  James  (E);  Hoffman  (W);  Anchor  (T);  Standard 
(Y);  Taylor's  Portland  (X);  and  Keystone  Portland  (Z). 

From  each  mixture  of  each  cement  two  5-inch  c-ubes  were  made,  the 
mixtures  being,  1st,  neat  cement,  2d,  one  cement,  one  sand.  Of  two  of 
the  cements,  one  cement  and  three  sand  were  also  tried. 

The  iJoints  over  which  measures  were  taken  by  the  instrument  de- 
scribed in  our  last  report  were  conical- headed  brass  tacks  driven  in  after 
a  set  of  from  one  hour  to  one  day.  It  was  here  that  the  first  difficulty 
arose,  as  in  a  few  cases  irregularities  in  measurements  were  traced  to 
imperfect  setting  of  the  tacks. 

One  sjJecimen  of  each  pair  of  cubes  was  left  in  the  air,  the  other  in 
Avater. 

Both  ho3'izontal  diameters  (the  measurements  are  marked  A  and  B 
aresi^ectively  in  the  table)  were  measured;  the  gauge  reading  taken  to 
the  ten-thousandth  of  an  inch  (this  being  the  unit  in  the  table  of 
differences  appended),  and  the  readings  were  rei3eated  at  each  observa- 
tion from  three  to  eight  times. 

The  intervals  of  the  observations  were  one  day,  two  days;  one,  two, 
four,  six,  eight  and  twelve  weeks.  A  careful  examination  of  the  correc- 
tions, due  to  unavoidable  moderate  dilierences  of  temperature  in  the 
measuring  aj^paratns  and  specimens  at  the  several  observations,  showed 
them  to  "be  so  small  as  to  cause  no  change  in  the  resiilt. 

An  examination  of  the  table  warrants  the  conclusions  already  reached 
hy  other  observers,  that  in  general : 

First. — Cement  mortars  hardening  in  air  diminish  in  linear  dimen- 
■sions  at  least  to  the  end  of  twelve  weeks,  and  in  most  cases  progress- 
ively. 

Second. — Cement  mortars  hardening  in  water  increase  in  like  manner 
Vbut  to  a  less  degree. 

The  experimenters  claim  that  the  exceptions  to  these  riiles  seen  in 
the  table  are  due  to  inaccurate  measurements,  the  first  measurements 
being  in  some  cases  taken  too  soon,  when  the  tacks  were  not  rigid. 
Other  causes  were  mentioned  Avhich  it  is  not  necessary  to  detail.  The 
changes  for  the  first  two  weeks  are  not  so  regular  as  for  subsequent 
periods. 

Third. — The  contractions  and  expansions  are  greatest  in  neat  cement 
anortars. 
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Increase  or  decrease  in  sides  of  5-inch  cubes  from  the  first  day  after  mixing  up  to  the  age  of  twelve  weeks.    The  units  exi^ressing  the  differences  are  each  xroVtr  inch. 

+  denotes  increase,  —  denotes  decrease. 
The  first  reading  in  each  case  is  for  the  neat  cement;  the  second  for  1  cement  to  1  sand;  the  third  for  1  cement  to  3  sand. 
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*  Tack  in  face  A  was  incorrect. 
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Foarlh. — The  quick  setting  cements  N  and  L  sliow  the  greatest  con- 
traction when  neat.  W,  Avhich  is  also  quick  setting,  does  not  however 
follow  the  rule. 

The  expansion  of  the  quick  setting  cements  is  also  greater. 
Fifth. — The  changes  are  less  in  mortars  containing  sand. 
Sixth. — The  changes  are  less  in  water  than  in  air. 
Seventh. — The  contraction  is  at  the  end  of  twelve  weeks: 

For  neat  cement U.14  per  cent,  to  0.32  per  cent. 

"    one  cement,  one  sand  .  .0.08  "  0.17        " 

Eighth. — The  expansion  at  the  end  of  twelve  weeks  is: 

For  neat  cement 0.04  per  cent,  to  0.25  per  cent. 

"   one  cement,  one  sand  .  .0.0  "  0.08       " 

Ninth. — The  contraction  or  exi>ausiou  is  essentially  the  same  in  all 
directions. 

By  comparing  these  figures  for  American  cements  with  those  given 
by  Bauschinger  for  foreign  brands,  there  is  a  strking  agreement. 

He  gives  (see  our  previous  reports)  for  neat  cement,  contractions  in 
air  in  sixteen  weeks  of  12  to  34  per  cent.,  and  for  one  cement  to  three  sand, 
8  to  15  per  cent.  For  expansion  of  neat  cement  in  water  in  sixteen 
weeks  1  to  15  per  cent. ,  and  for  one  cement  to  three  sand,  0  to  2  jjer  cent. 
The  expansions  being  less  in  his  experiments.  The  experimenters 
on  our  American  cements  however,  consider  the  25  per  cent.  exi:)ansion 
(Specimen  N  in  the  table)  as  probably  erroneous,  for  reason  given  by 
them. 

Comparing  the  average  co-efficients  of  expansion,  we  have: 
For  nine  cements,  neat,  by  Prof.  Bauschinger..   0.00048  in  16  weeks. 

"   English  Portland,  neat,  by  Mr.  Grant 0.00084  "     3  months. 

"   American  cements,  neat,  by  present  table. . .   0.00105  "  12  weeks. 
"  "  "  omitting  the  one  claimed 

in  error 0.00085  •'  12       " 

agreeing  closely  with  Mr.  Grant's. 

Plates  XXVII  to  XXX  have  been  prepared  from  the  table  to  illus- 
trate the  subject  grai^hically,  and  the  Plate  XXXI  shows  the  same 
for  Professor  Bauschinger's  table. 

Mr.  Maclay,  of  the  committee,  has  sent  a  few  results  of  experiments 
on  absorption  which  are  of  interest.  From  accurate  weighings  he  gives 
the  following  table  of  gains  in  weight  in  perfectly  dry  mortars  after 
immersion  in  fresh  water  for  the  times  stated. 
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Cement. 


Sand. 


1'2  hours' 
immersion. 


■i6  hours' 
immersion. 


7  days' 
immersion. 


Bosendale J 1 '2   parts.     11  per  cent.  U  per  cent.]  11  percent. 

11    part.       11         "  U        •'  111 

Portland 13   parts.    I  9.2    "  10.9    "         !l0.9 


neat 10    part. 


11.2 


11.2 

I 


12.06  •• 


79  days' 
immersion. 


15.40  per  cent. 
15.06 

15.08 
13  08 


The  mortars,  it  is  seen,  gained  less  than  the  neat  Portland  up  to 
seven  days,  after  which  the  neat  Portland  absorbs  least. 

Mr.  Maclay  also  sends  some  results  of  compression  tests  on  cylinders 
24 i  inches  long  and  4^^  inches  diameter. 

TABLE    No.  2. 
Compression  tests  of  three  cylinders  24 J,  inches  long  and  4j  inches  in 
diameter  (area  13iVo  square  inches)  made    from  (Hammil  &   Gil- 
lispie's)  Portland  cement. 


Neat  Cement,  104  days  old. 

1  Cement,  2  Sand,  3  mos.  old. 

1  Cement,  3  Sand,  2  mos.  old. 

Load  lbs. 

Comp . 

Differ- 

Compression 

Differences. 

Compression 

Differences. 

sq.  IQ. 

inches. 

ences. 

inches. 

inches. 

100 

0.02.37 

0.0062 

150 

.0250 

13 

0.0010 

.0095 

33 

200 

.0267 

17 

.0023 

13 

.0135 

40 

250 

.0283 

16 

.0035 

12 

.0175 

40 

300 

.0300 

17 

.0050 

15 

.0220 

45 

350 

.0323 

23 

.0073 

23 

.0253 

33 

400 

.0352 

29 

.0097 

24 

.0290 

37 

450 

.0375 

23 

.0115 

18 

.0330 

40 

500 

.0402 

27 

.0142 

27 

.0383 

63 

550 

.0427 

25 

.0168 

26 

.0433 

50 

600 

.0450 

23 

■0190 

22 

.0480 

47 

650 

.0473 

23 

.0210 

20 

.0567 

87 

700 

.0495 

22 

.0J30 

2(1 

.0653 

.86 

750 

.0515 

20 

.  0270 

40 

750  pounds 

800 

.O.i35 

20 

.0-29(1 

20 

crushed. 

8.50 

.0553 

18 

.0310 

20 

900 

.0570 

17 

.0330 

•20 

950 

.0587 

17 

.0367 

37 

1000 

.  0600 

13 

.0403 

36 

1050 

.0610 

10 

.0450 

47 

1100 

.0630 

•20 

1 123  pounds 

1150 

.0643 

13 

crushed. 

1200 

.06.50 

7 

1  -250 

.0677 

27 

1300 

.(1697 

20 

1350 

.(1710 

13 

1400 

.(1737 

27 

1  450 

.(1753 

16 

1  500 

.()7()0 

7 

1  550 

.0770 

10 

' 

16C0 

.0777 

7 

1650 

.0780 

3 

1700 

.0793 

13 

1750 

.0813 

20 

1  800 

.(I84U 

27 

1  850 

.0.-47 

7 

4  358 

Crushed. 
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The  first  test  in  the  table  is  of  neat  cement  at  a  little  over  three 
months  old.  The  results,  it  will  be  seen,  are  somewhat  irregular,  and  no 
one  point  can  be  assigned  as  a  limit  of  elasticity. 

On  the  contrary,  the  compressions  for  equal  increment  of  strain  grow 
gradually  less. 

At  200  pounds  per  square  inch  the  co-efficient  of  compression  per  100 
pounds  of  load  is  0.00054;  at  500  pounds  it  is  0.00033;  at  700  pounds 
it  is  0.00029;  at  1000  pounds,  0.00024;  at  1500  pounds,  0.00021;  and 
at  1  850  pounds,  or  just  before  crushing,  it  is  0.00019. 

Examining  the  similar  prism  mixed  of  one  cement  and  two  sand,  we 
find  co-efficient  at  200  pounds  is  0.000047;  at  500  pounds,  0.000116;  at 
700  pounds,  0.000138;  at  1  000  pounds,  0.000164;  the  specimen  crushing 
at  1 125  pounds. 

Here  we  see  the  change  is  in  the  opposite  direction,  gradually  in- 
creasing; beginning  with  less  than  one-tenth  of  that  of  neat  cement,  and 
at  1  000  pounds  being  two-thirds  of  that  of  neat  cement. 

Examining  the  prism  mixed  three  to  one,  and  two  months  old,  we  get 
at  200  pounds,  0.000276;  at  500  pounds,  .000313;  at  700  pounds,  0.000381; 
being  one-half  that  of  the  neat  cement  at  200  pounds,  and  one-third 
greater  at  700  pounds. 
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PORTLAND    CEMENT    TESTING 


By  Henkx  Faija,  M.  Inst.  C.  E. 
Bead  December  1st,  1886. 


The  object  of  testing  cement  is  to  determine  its  constructive  value, 
wliile  the  necessities  of  a  test  are  that  it  should  be  expeditious,  com- 
plete, and  reliable.  That  all  tests  should  be  carried  out  in  a  similar 
manner  is  desirable,  so  that  the  comparative  value  of  different  cements 
may  be  determined.  Most  large  users  of  cement  have  each  a  system 
peculiar  to  themselves  for  carrying  out  a  cement  test,  so  that  the  results 
they  obtain  are  of  value  to  themselves  as  comparative  tests.  Each  of 
these  therefore  acknowledges  indirectly  the  value  of  a  uniform  system  of 

These  remarks  on  Cement  Testing  have  been  suggested  by  the 
Report  of  the  Committee  on  a  Ilniform  System  for  Tests  of  Cement, 
appointed  by  the  American  Society  of  Civil  Engineers,  (Trans.,  Vol. 
XIV.)  They  can  scarcely  be  considered  a  criticism,  nor  can  they  be 
taken  as  forming  any  part  of  a  discussion  on  any  of  the  points  mentioned 
in  the  report;  for,  taken  as  a  Avhole,  the  author  agrees  with  the  sug- 
gestions and  advice  given  therein.  They  are  really  only  a  restnin'  of  the 
author's  system  of  carrying  out  a  cement  tebt,  a  system  which  he  has 
adopted  and  developed,  after  many  years'  experience  in  testing  cement, 
as  being  simple,  expeditious,  and  enabling  a  just  estimation  being 
arrived  at  of  the  value  of  the  sample  under  consideration  for  con- 
structional pui'ijoses,  and  as  such  they  may  throw  a  little  additional  light 
on  a  subject  which  the  committee  have  already  so  fully  and  ably  dealt 
with. 
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carrying  out  a  test.  Now,  clearly,  tliat  which  is  good  for  aud  of  use  to 
the  individual,  must  be  of  equal  use  to  the  multitude,  i.  e.,  the  whole 
of  the  professions  aud  trades  that  are  connected  with  the  cement 
industry,  whether  as  buyers,  sellers,  makers,  or  users.  In  fact  it  is. 
generally  acknowledged  that  a  uniform  system  for  carrying  out  a 
cement  test  is  a  desirable  object  to  attain.  But  there  seem  to  be  so- 
many  prejudices  to  be  overcome,  both  among  users  and  maniifacturers, 
for  the  systems  which  they  have  each  individually  adopted,  that  at  all 
events  in  England  it  does  not  seem  at  all  likely  that  any  uniform  system 
will  ever  be  adopted,  though  in  course  of  years  the  rationale  of  a  cement 
test  may  be  more  generally  understood  and  appreciated,  in  which  case 
it  may  be  expected  that  tests  will  be  carried  out  on  somewhat  aj^proxi- 
mate  lines. 

In  most  countries  on  the  Continent  of  Europe  a  uniform  system  has 
been  devised  and  put  in  force  by  the  respective  governments,  and  the 
report  of  the  committee  appointed  by  the  American  Society  of  Civil 
Engineers  to  investigate  the  matter  is  a  paper  which  deserves  the  most 
serious  and  careful  consideration  of  all  persons  interested  in  the  subject. 
Without  giving  a  specification,  it  supplies  all  the  information  necessary 
to  enable  each  user  to  draft  such  a  specification  as  will  suit  his  special 
requirements,  and  gives  most  caref  ally  considered  and  valuable  instruc- 
tions for  the  guidance  of  those  who  have  to  carry  out  the  test.  If  any- 
thing in  the  I'eport  is  to  be  regretted,  it  is  the  modesty  with  which  the 
committee  put  forward,  as  recommendations  only,  the  result  of  their 
labors. 

There  are  one  or  two  points  in  the  report  which  invite  discussion^ 
notably  where  it  is  suggested  that  the  quality  of  a  cement  may,  to  a  cer- 
tain extent,  be  determined  by  the  brand  on  the  outside  of  the  barrels. 
A  maker  may  have  a  great  reputation,  and  may,  as  a  rule,  produce  good 
cement,  but  it  is  oiit  of  all  reason  to  siippose  that  the  quality  of  his 
manufacture  does  not  occasionally  vary.  In  the  author's  opinion  the 
value  of  any  lot  of  cement  should  be  determined  by  jiroperly  taken 
samples,  fairly  representing  the  delivery,  and  that  its  value  should  be 
determined  by  the  absolute  results  obtained  in  testing,  independently  of 
brand  or  other  knowledge  respecting  the  manufacture. 

The  value  of  a  cement  may  be  determined  by  its  fineness,  and  its- 
tensile  strength  at  two  dates.  The  greater  or  lesser  increase  in  strength. 
betAveen  the  two  dates  defines  the  growth,  and  determines  approximately 
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the  ultimate  strength  which  may  he  expected  from  it.  In  practice, 
a  test  at  three  days  from  ganging,  and  another  at  seven  days,  enables  a 
suflQciently  accurate  determination  to  be  arrived  at.  The  greater  the  in- 
crease in  strength  shown  between  those  two  dates,  the  longer  it  may  be 
exjsected  that  the  cement  will  continue  to  increase  in  strength,  and  the 
greater  the  ultimate  strength  obtained.  To  make  this  clearer,  the 
results  of  tests  of  twelve  different  cements  are  given  in  Table  No.  1  in 
the  Ajjpendix,  whereby  it  will  be  seen  that  the  increase  between  the 
three  and  seven  days  in  all  cases  fairly  indicates  the  strength  which  will 
be  developed  at  the  longer  dates. 

The  actual  strength  demanded  of  a  sample,  and  whether  it  shall  be 
quick  or  slow  setting  cement,  must  of  course  be  determined  by  the 
special  reqiiirements  of  the  work.  But  clearly  a  quick  setting  cement, 
which  shows  but  a  small  increase  between  its  strength  at  three  and  seven 
days,  and  which  will  probably  acquire  its  greatest  strength  in  a  short 
time,  should  develojs  a  greater  strength  at  the  seven  days  than  a  slower 
setting  one,  which  may  continue  to  increase  in  strength  for  a  consid- 
erably longer  period. 

It  may  be  here  added  that  quick  setting  cements  as  a  rule  attain  their 
greatest  strength  in  about  six  months;  after  then  there  seems  to  be  a 
slight  falling  off  in  strength,  but  to  what  cause  this  is  due  has  yet  to  be 
determined,  as  there  seems  no  reason,  theoretical  or  practical,  why  a 
strength  once  attained  should  be  partially  lost. 

The  adhesive  test  is  unquestionably  an  uncertain  and  untrustworthy 
one.  The  adhesion  of  a  cement  to  any  material  depends  as  much  on 
the  nature  of  the  other  material  as  on  the  cement,  and  even  Avhere  seem- 
ingly similar  surfaces  are  secured,  it  is  impossible  to  be  sure  that  there 
may  not  exist  slight  differences  which  will  affect  the  result  obtained. 

The  same  argument,  in  the  author's  opinion,  applies  to  what  is  known 
here  as  the  sand  test,  with  the  further  additional  disadvantage  that  a 
considerably  greater  amount  of  skill  is  required  to  gauge  a  sand  bri- 
({uette  than  to  gaiige  one  of  neat  cement.  The  ordinary  practice  for 
carrving  out  a  sand  test  here  is  by  gauging  one  part  of  cement  with 
three  parts  of  standard  sand  by  weight,  using  as  little  water  as  practi- 
cable; and  the  usual  specification  is  that  bricjuettes  gauged  in  this  man- 
ner shall  be  placed  in  water  in  twenty-four  hours,  where  they  shall 
remain  until  due  for  testing,  and  that  they  shall  be  tested  at  twenty- 
eight  days  from  gauging,  and  carry  a  tensile  strain  of  two  hundred 
l)0unds. 
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The  standard  sand  used  here  is  a  clean  white  sand  which  is  found  at 
Leighton  Buzzard.  It  is  washed  and  sifted,  and  only  that  which  is  re- 
tained between  a  20  and  30-mesh  sieve  is  used  for  testing.  It  is  perhaps 
the  best  sand  which  can  be  readily  obtained  for  the  purpose,  but  that 
it  is  absolutely  constant  and  uniform  of  grain  and  nature  is  not  to  be 
expected.  Certainly  a  sand  test  made  with  other  sand  than  this,  though 
sifted  to  the  required  degree  of  fineness,  would  not  give  similar  results. 

The  principal  objection  to  the  sand  test  however,  is  the  ditficulty  of 
manipulation.  It  is  hardly  skill  and  knowledge  of  cement  which  enables 
a  manipulator  to  obtain  a  good  result  from  a  sand  briquette;  it  seems  to 
be  a  peculiar  knack,  impossible  to  teach,  which  some  possess,  and  others 
can  by  no  amount  of  practice  acquire.  It  is  further  questionable  if  the 
sand  test  gives  any  better  guide  as  to  the  value  of  the  cement  for  prac- 
tical purposes  than  the  three  and  seven  days'  neat  test,  for  it  will  readily 
be  admitted  that  a  standard  sand  is  an  impossible  sand  to  use  in  prac- 
tical work. 

The  fineness  suggested  in  the  report  is  the  same  that  has  been 
adopted  by  the  author,  viz. ,  ten  per  cent,  on  a  sieve  having  2  500  holes 
to  the  square  inch,  it  being  as  much  as  can  be  expected  of  the  manufact- 
urer, unless  an  additional  price  is  paid  for  extra  grinding,  as  modern 
machinery  will  not  allow  of  a  good  hard  clinker  being  economically 
ground  to  a  greater  fineness  than  this.  And  it  seems  to  be  rather  a 
<^[uestion  for  the  user,  should  he  require  a  greater  degree  of  fineness, 
whether  it  is  more  economical  to  pay  the  manufacturer  an  extra  price 
for  finer  grinding,  or  use  more  cement  in  laroportion  to  his  aggregate. 

The  most  important  point  however,  is  in  the  first  instance  to  deter- 
mine the  soundness  of  a  cement,  /.  e.,  absence  of  "checking  or  crack- 
ing," or  what  is  called  in  this  country  "  blowing."  Given  that  a  cement 
shows  that  it  will  at  some  future  day  blow,  it  is  evidently  of  no  value, 
no  matter  to  what  degree  of  fineness  it  may  be  ground,  or  what  tensile 
strength  it  may  develop  within  the  limits  of  time  of  a  test.  Many 
cements  will  give  good  results  at  the  three  and  seven  days,  and  even 
sometimes  at  the  twenty-eight  days,  but  will  eventually  "blow,"  and 
the  ordinary  means  of  determining  the  soundness  of  a  cement  are,  in 
the  author's  opinion,  insufficient.  For  this  purpose  the  author  devised 
an  apparatus  which  he  calls  a  steamer,  and  which,  through  the  kindness 
of  Mr.  T.  C.  McCollom,  M.  Am.  Soc.  C.  E.,  has  been  presented  to  the 
society.     The  apparatus  is  strictly  accurate  in  theory.     The  causes  of 
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"blowing"  ia  the  cemeat  are  that  it  may  have  an  actual  excess  of  lime 
in  its  composition;  or  it  may  be  that  the  manufacture  in  one  or  other  of 
its  stages  has  not  been  properly  carried  out.  But  in  all  cases  the  blow- 
ing is  due  to  a  portion  of  the  lime  being  uncombined  with  the  silica 
and  alumina,  and  the  action  which  takes  place  in  the  apparatus  is  either 
the  rapid  development  of  the  setting  properties,  if  the  cement  be  sound; 
or,  in  the  case  of  the  cement  being  unsound,  the  rapid  development  of 
those  characteristics  which  render  it  so. 

The  apparatus  has  been  in  constant  use  in  the  author's  laboratory 
for  the  last  foixr  years,  and  he  is  pleased  to  be  able  to  say  that  once  or 
twice  when  he  has  ignored  the  warning  given  by  the  apparatixs  he  has 
found  himself  in  error. 

The  author  generally  makes  three  pats  on  pieces  of  glass  or  other 
non-porous  substance.  Pat  No.  1  may  be  left  in  the  air  for  the  deter- 
mination of  color,  if  such  is  of  any  value.  Pat  No.  2  is  put  in  water  as 
soon  as  it  is  considered  set;  this  is  more  to  determine  the  time  of  set 
than  for  any  other  purpose.  Pat  No.  3  is  treated  in  the  apparatus,  a 
sketch  of  which  is  given  in  Fig.  1,  Plate  XXXII.  It  consists  of  two  vessels, 
one  within  the  other,  a  water  space  being  thus  maintained  between 
them,  which  assists  in  equalizing  the  temperature  of  the  inner  or  work- 
ing vessel,  which  vessel  contains  water  up  to  the  level  shown,  and  above 
the  water  are  racks  on  which  the  pats  are  first  i^laced.  By  means  of  a 
gas  jet  the  water  in  the  inner  vessel  is  maintained  at  an  even  tempera- 
ture of  110  degrees  Fahr.,  the  s^jace  above  the  water  being  therefore 
filled  with  vapor  rising  therefrom,  which  is  at  a  temperature  of  about 
100  degrees  Fahr.  The  aj^paratus  is  covered,  and  through  the  cover  a 
thermometer  is  inserted,  so  that  any  rise  or  fall  in  temperature  may  be 
immediately  observed  and  corrected  by  raising  or  lowering  the  gas  jet. 

Directly  the  ])at  is  gauged  it  is  placed  on  the  racks  in  the  upper  part 
of  the  vessel.  It  will  be  found  that  even  very  slow  setting  cements  will, 
in  this  moist  heat,  be  perfectly  set  in  a  few  hours;  it  is  however  usual 
to  leave  the  pats  on  the  racks  for  six  or  seven  hours,  when  they  are  re- 
moved from  the  racks  and  placed  in  the  warm  water.  This  time  how- 
ever is  only  a  matter  of  convenience,  as  by  this  arrangement  pats  gauged 
in  the  morning  are  left  on  the  racks  all  day,  and  are  placed  in  the  water 
before  leaving  in  the  evening.  They  are  left  in  the  water  (the  tempera- 
ture being  maintained  throughout  the  night),  and  are  examined  the 
next  morning.  If  the  i)ats  are  then  perfectly  sound,  the  author  has  no 
hesitation  in  saying  that  the  cement  is  a  perfectly  sound  and  safe  one  to 
use,  and  the  briquettes  are  then  made  to  ascertain  whether  the  sample 
complies  with  the  other  conditions  of  the  specification.  Should  any 
indications  of  blowing  appear  in  the  pat.  the  cement  is  laid  out  in  a  thin 
layer  to  cool,  as  it  is  possible  that  the  cement  may  have  blown  through 
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being  over  fresh,  and  that  a  few  days'  cooling  woukl  render  it  soiind. 
If,  however,  pats  made  from  cement  which  has  been  cooled  for  three  or 
four  days  still  blow,  it  is  absolutely  certain  that  the  cement  is  an  un- 
sound one,  and  will  at  some  future  day  blow  and  destroy  the  work  in 
which  it  has  been  used.  The  great  advantage  of  this  test  is  that  it  ena- 
bles the  soundness  of  a  cement  being  determined  with  certainty  in  a  few 
hours. 

In  manipulating  cement  for  testing,  the  author  finds  mechanical 
means  infinitely  sui^erior  and  more  constant  in  results  than  hand- 
gauging.  The  apparatus  which  he  uses  is  one  which  he  patented  some 
years  ago.  It  simply  consists  of  stirrers  revolving  round  their  own  axis 
in  one  direction,  and  round  the  pan  in  the  reverse.  Fig.  2,  Plate  XXXII, 
shows  generally  the  api:)earanc-e  of  the  machine.  The  author  always 
gauges  five  briquettes  at  a  time,  as  by  that  means  a  better  average  result 
is  obtained  than  when  briquettes  are  gauged  se^^arately.  For  this  pur- 
jiose  he  has  the  five  moulds  fixed  together  on  a  single  bed  plate.  The 
five  moulds  require  thirty  ounces  of  cement  to  fill  them.  The  stirrers 
are  removed  from  the  ganger  and  the  cement  put  in.  The  stirrers,  which 
are  fixed  to  the  top  framing  of  the  machine,  are  then  replaced,  and  the 
required  quantity  of  water  added;  the  handle  of  the  machine  is  turned 
for  a  minute  or  so  until  the  cement  gives  indications  of  balling.  The 
stirrers  are  then  again  removed,  the  pan  taken  ofi"  the  bench,  and  the 
cement  knocked  up  with  a  spatula  to  one  side  of  it,  and  turned  out  on  to 
the  gauging  slate.  It  is  then  knocked  up  with  a  trowel  into  a  convenient 
form,  and  the  five  briquette  moulds  filled  and  lightly  rammed  in  the 
usual  way  to  remove  air  bubbles.  Sand  briquettes  are  gauged  in  an  ex- 
actly similar  manner,  beyond  that  the  sand  and  cement  are  mixed  dry  in 
the  machine  before  the  water  is  added. 

A  matter  which  is  of  great  importance  in  obtaining  the  best  results 
in  testing,  is  that  the  minimum  of  water  i-hould  be  used  in  gaiiging. 
The  actual  amount  of  water  of  crystallization  found  in  a  perfectly  hard 
and  set  cement  is  only  about  ten  per  cent.  It  is  therefore  evident  that 
all  water  used  more  than  this  is  in  excess,  but  it  woiild  be  impossible  to 
manii:)ulate  with  such  a  small  quantity,  added  to  which  different  cements 
require  different  quantities  of  water  to  enable  them  to  be  properly 
gauged.  This  the  author  always  determines  by  experimental  pats  made 
previously  to  gauging  the  briquettes  for  testing. 

It  is  with  a  very  great  deal  of  satisfaction  that  the  author  finds  that 
your  committee  recommend  in  their  report  that  the  rate  of  speed  at 
which  the  strain  should  be  put  on  to  a  briquette  when  being  tested  is 
400  pounds  jjer  minute,  it  being  the  same  which  he  has  adopted  for 
some  time,  and  which  he  recommended  in  a  paper  presented  to  the 
Institution  of  Civil  Engineers  here  three  years  ago.*  The  only  reason 
he  had  in  fixing  this  speed  was  that  it  was  a  convenient  one;  but  it  is 

*See  Proceedings  Institution  of  Civil  Engineers,  Vol.  LXXV,  page  225  and  following. 
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most  important  that  a  standard  rate  of  speed  should  in  all  cases  be 
adoiited.  In  the  paper  above  referred  to,  he  gave  the  results  of  several 
hundred  experiments  he  had  made  in  apijlying  the  strain  at  different 
rates  of  speed.     The  difterent  speeds  at  which  he  worked  were: 

100  pounds  in   1  second.  100  pounds  in  30  seconds. 

100  "  15  seconds.  100  "  00 

100  pounds  in  120  seconds. 

and  the  results  obtained  are  shown  in  Table  No.  2  in  Appendix. 

Taking  the  slowest  sj^eed  as  zero,  it  Avill  be  seen  that  an  increase  of 
nearly  twenty-five  per  cent  in  strength  is  obtained  by  adopting  the 
(piickest. 


Fig.  3. 

Fig.  3  gives  the  form  of  briquette  adojjted  by  the  author,  which 
seems  similar  in  form  to  that  recommended  by  your  committee.  So 
far  as  testing  machines  are  concerned,  there  is  nothing  much  to  say. 
They  are  simply  weighing  machines,  and  that  one  which  is  the  most 
convenient  to  use,  the  least  liable  to  error,  the  easiest  to  check,  and  the 
most  economical  in  cost,  is  the  one  which  is  probably  the  best  to  adopt. 
The  one  which  the  author  has  devised  and  patented  complies  with  most 
of  these  conditions,  and  as  he  has  had  the  honor  of  the  acceptance  of 
one  by  your  society,  it  can  be  seen  by  any  of  its  members  at  the  society 
house. 

The  specification  which  may  be  deduced  from  the  foregoing  remarks 
is  as  follows: 

1.  Fineness. — To  be  such  that  the  cement  will  all  pass  through  a  sieve 
having  625  holes  (25-)  to  the  square  inch,  and  leave  only  ten  per  cent, 
residue  when  sifted  through  a  sieve  having  2  500  holes  (50-)  to  the 
square  inch. 

2.  Expansion  or  Contraction. — That  a  pat  made  and  submitted  to  moist 
heat  and  warm  water,  at  the  temperatures  and  in  the  apparatus  herein- 
before described,  shall  show  no  signs  of  blowing  in  twenty  four  hours. 

3.  Tensile  Strength. — Briquettes  which  have  been  gauged,  treated  and 
tested  in  the  j^rescribed  manner,  to  carry  an  average  tensile  strain,  with- 
out fracture,  of  at  least  176  pounds  at  the  expiration  of  three  days  from 
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ganging;  and  those  tested  at  the  expiration  of  seven  days  from  gauging 
to  show  an  increase  of  at  least  fifty  per  cent,  over  the  strength  of  those 
at  three  days,  but  to  carry  a  minimum  of  350  pounds  per  square  inch. 

It  will  be  found  that  this  specification  satisfies  most  requirements 
of  a  slow  setting  cement.  If  a  quick  setting  cement  is  wanted,  a 
greater  tensile  strength  (say  400  pounds)  might  be  asked  for  at  the  seven 
days,  but  the  increase  between  the  three  and  seven-day  tests  should  be 
reduced  to  say  twenty  or  twenty-five  per  cent.,  but  would  naturally 
Tary  in  accordance  Avith  the  actual  quickness  of  setting  develoi^ed  by 
the  cement. 

It  may  be  thought  that  the  tensile  strengths  above  specified  are  low, 
but  to  ask  for  a  greater  strength  would  be  asking  for  that  which,  except 
under  special  conditions,  could  not  be  always  safely  attained.  Very  high 
tensile  strengths  at  early  dates  generally  indicate  a  cement  verging  on 
an  unsound  one.  It  must  also  be  remembered  that  a  manufacturer  will 
always  try  to  be  well  on  the  safe  side  with  the  tensile  strength,  for  he 
not  only  has  to  comply  with  the  specification,  but  he  has  to  run  the 
risk  of  his  cement  being  gauged  and  tested  by  inexperienced  persons, 
who  would  probably  be  more  likely  to  condemn  the  delivery  than  others 
of  greater  exj^erience.  In  specifying  therefore  350  pounds,  the  iiser  may 
be  pretty  sure  that  he  will  obtain  a  cement  carrying  nearer  400  pounds, 
which,  for  a  slow  setting  cement,  is  certainly  ample  to  obtain  at  seven 
days;  while  with  the  quick  setting  cements  instead  of  400  pounds,  prob- 
ably 450  or  500  i>ounds  would  be  the  tensile  strength  developed. 

In  conclusion,  the  author  cannot  express  too  strongly  his  opinion  of 
the  desirability  and  importance  that  a  universal  and  standard  system  of 
testing  cement  should  be  adoi)ted,  in  order  that  results  obtained  in  test- 
ing may  be  of  value  and  for  comparison.  More  especially  does  this  apply 
between  two  countries  like  England  and  the  United  States,  where  a  large 
quantity  of  English  manufactured  cement  is  used.  A  test  is  made  here 
and  certain  results  obtained.  If  a  different  procedure  is  then  adopted  on 
its  arrival  in  the  United  States,  difi'erent  results  are  obtained,  and  unsat- 
isfactory arguments  follow.  And  there  is  no  doubt  that  the  thanks  of  all 
makers  and  users  of  cement  in  the  two  countries  are  due  to  the  commit- 
tee appointed  by  your  society  for  the  very  serious  and  careful  attention 
which  they  have  given  to  the  subject,  and  the  lucid  way  in  which  their 
report  is  i)ublished,  and  it  is  only  his  full  conviction  of  the  importance 
of  this  subject  which  has  emboldened  the  author  to  address  your  society 
on  the  subject. 
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TABLE  No.  1. 


No. 

3  daj's. 

7  days. 

28  days. 

Pounds. 

Pounds. 

Pounds. 

1 

360 

406 

428 

2 

340 

388 

403 

3 

400 

448 

452 

4 

342 

350 

395 

5 

480 

551 

580 

6 

590 

658 

666 

7 

203 

381 

504 

8 

231 

420 

548 

9 

305 

515 

676 

10 

196 

387 

595 

11 

255 

518 

692 

12 

202 

458 

585 

13 

67 

312 

604 

14 

82 

380 

540 

Nos.  13  and  14  are  both  cements  that  were  not  set  in  twenty-four 
hours,  and  though  they  can  seai'cely  he  considered  fair  cements  to  take 
as  examples  of  a  princii^le,  they  undoubtedly  lend  considerable  weight 
to  the  argument.  The  resi;lts  obtained  are  very  i^eculiar,  more  especially 
in  the  case  of  No.  13,  where  the  seven  days'  test  is  five  times  greater  than 
the  three  days,  and  the  twenty-eight  days  twice  the  seven  days. 

TABLE  No.  2. 

100  pounds  in  120  seconds 400  pounds. 

100    "     60    "   415 

100    "     30    "   430 

100    "     15    "   450 

100    "      1    "   493 
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THE  VENTURI  AVATER  METER:  AN  INSTRUMENT 
MAKING  USE  OF  A  NEW  METHOD  OF  GAUG- 
ING WATER;  APPLICABLE  TO  THE  CASES  OF 
VERY  LARGE  TUBES,  AND  OF  A  SMALL  VALUE 
ONLY,  OF  THE  LIQUID  TO  BE  GAUGED. 


By  Clemens  Heeschel,  M.  Am.  Soc.  C.  E. 
Eead  December  21st,  1887. 


Induction;  analogy;  assumptions  foundud  on  facts  and  iinceasingly  rectified  by  additional 
observations:  a  genial  form  of  tact,  inborn,  but  strengthening  itself  by  making  nu- 
merous comparisons  between  its  indications  and  the  results  of  experiment;  such  are  the 
principal  means  of  arriving  at  the  truth  " — Laplace,  Des  divers  mo'jens  d'approcher  dela 
certitude. 


Some  additional  iustrumeut  or  niotbod  for  gauging  -water  has  long 
been  desired  by  hydraulic  engineers.  lu  the  case  of  water  flowing 
through  pipes,  as  in  city  water-works,  it  is  extremely  difficult  or  im- 
practicable to  meter  the  water,  as  soon  as  diameters  approaching  one 
toot,  or  (Quantities  approaching  one  million  gallons  daily,  are  reached. 
In  some  such  cases  the  stream  of  water  has  been  split  up  into  many 
smaller  ones,  each  of  which  was  then  furnished  with  a  meter,  and  the 
tail  water  of  these  meters  reunited — a  method  and  ajiparatus  so  cumber- 
some and  costly   as  to  be  rarely  ai)plicable.     Taking  the  case,  on  the- 
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other  hand,  of  a  far  less  valuable  commodity,  viz.,  of  water  und?r  little 
or  no  pressure,  about  to  be  or  after  it  lias  been  used  for  power,  the  prac- 
tical difficulties  of  gaugiug  again  become  very  great.  Ordinary  meters 
are  out  of  the  question,  owing  to  the  small  value  of  the  article  per  cubic 
foot,  and  to  the  proportionately  great  cost,  per  cubic  foot  of  water 
metered,  of  applying  a  mechanical  meter.  Still,  an  approach  to  meter- 
ing the  water  is  found,  when  the  turbine  or  other  water  motor  is  con- 
verted, by  previous  tests  or  experiments,  into  a  form  of  water  meter;  and 
this  method  is  doing  excellent  and  extensive  service  for  many  water- 
power  companies.  It  has  its  encumbrances,  as,  that  the  wheel  must  be 
sent  to  a  "  testing  flume"  before  it  is  set,  unless  it  can  be  tested  after 
setting,  at  a  cost  which  in  most  cases  is  prohibitory.  There  is  also 
some  water  used,  as  a  rule,  in  manufacturing  establishments,  which  does 
not  pass  through  the  wheeL  And  in  mills  that  use  cheap  wheels,  and 
change  their  wheels  frequently,  it  causes  considerable  work  and  expense 
to  maintain  the  water  wheel  system  of  measurements. 

The  weir  is  seldom  permanently  applicable  to  such  cases,  on  account 
of  the  difficulty  and  expense  of  setting  and  maintaining  it,  and  because 
it  diminishes  the  head  acting  on  the  wheel.  If  put  up-stream  from  the 
wheel,  it  must  take  the  form  of  a  movable  weir,  sliding  up  and  down  in 
grooves.  .  The  weir  edge  is  then  raised  or  lowered  until  the  quantity 
l^assing  the  weir  is  just  equal  to  the  draft  of  the  wheel ;  a  delicate 
operation,  and  applicable  only  in  the  case  of  experiments,  where  the 
engineer  has  full  control  of  the  wheel  as  well  as  of  the  rest  of  the  ap- 
paratus, and  as  a  last  resort.  Possibly  this  apparatus  has  a  future 
vet  before  it  for  restricting  the  use  of  water  in  those  cases  where 
some  slight  sacrifice  of  head  may  be  made,  and  where  an  overdraft 
on  the  part  of  any  water-taker  may  be  allowed  to  bring  about  its  own 
punishment,  in  the  shape  of  a  material  lowering  of  the  water-level  in 
the  penstock,  but  without  causing  other  damage.  "When  not  needed 
for  ptirposes  of  restriction  or  of  metering,  it  could  be  lowered  out  of  the 
way  sufficiently  to  cause  scai'cely  any  obstruction  to  the  draft  of  water;  or 
if  at  other  times  so  desired,  it  could  be  raised  sufficiently  to  act  as  a  head- 
gate.  Ice  in  the  winter  time  would  make  the  sliding  of  the  weir  portion 
in  its  grooves  somewhat  troublesome,  but  that  could  be  overcome  as 
it  is  overcome  in  the  case  of  similar  appliances.  Perhajjs  the  greatest 
objection  to  the  apparatus  in  actual  practice  is,  that  it  acts  so  harshly 
against  the  consumer,  when  moral  suasion,  with  constraining  forces  held 
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in  reserve,  would  be  more  advisable.  As  limiting  the  draft  of  water,  it  is 
better,  than  for  purposes  of  metering.  Like  many  another  device,  it  has 
its  advantages  and  its  disadvantages. 

If  the  weir  be  i^ut  in  its  usual  position,  down-stream  from  the  wheel, 
the  ordinary  construction  of  tail-races,  which  are  generally  designed  to 
meet  the  wants  of  musk-rats  rather  than  those  of  hydraulic  engineers, 
becomes  a  serious  or  insuperable  obstacle  to  the  use  of  this  apparatus. 
In  some  few  cases  there  is  such  an  abundance  of  fall  that  a  permanent 
weir  can  be  set  in  the  tail-race,  but  the  general  rule  permits  of  weirs 
only  during  exijeriments  made  on  wheels  after  they  are  set,  and  to  a  por- 
tion only  of  these  distinct  cases. 

To  establish  with  accuracy  an  economical  method  for  gauging  large 
quantities  of  flowing  water,  Mr.  James  B.  Francis,  Past  President  Am. 
Soc.  C.  E.,  some  thirty  years  ago  made  experiments  wath  floating  tubes, 
in  rectangular  flumes,  as  recorded  in  his  "Lowell  Hydraulic  Experi- 
ments," third  edition,  1871.  And  his  method  has  since  then  done  good 
service  in  many  instances.  It  also  has,  however,  its  limitations;  requir- 
ing a  straight,  open,  rectangular  flume,  of  considerable  length,  in  Avhich 
to  operate. 

Another  method  is  the  one  which  uses  the  current-meter,  an  ex- 
ample of  whose  best  work  is  described  in  "Boston  Water-works,  Ad- 
ditional Supply,"  by  A.  Fteley,  M.  Am.  Soc.  C.  E.  Its  limitations  con- 
sist in  delicacy  of  the  instrument,  which  renders  it  nigh  hopeless  to  ex- 
pect good  results,  or  even  to  save  the  instrument  whole,  when  it  is  put 
into  the  hands  of  the  average  engineer's  assistant;  and  in  the  fact  that 
instrument  makers  have  never  yet  been  brought  to  the  point  of  selling 
current-meters  rated  and  ready  for  use;  while,  on  the  other  hand,  for 
each  one  who  wishes  to  use  the  cun-ent-meter,  to  build  and  maintain  a 
rating  apparatus  becomes  impracticably  onerous  and  expensive. 

Still  another  method  lies  in  the  application  of  the  Pitot  tube,  and  of 
its  modified  forms,  one  of  which  makes  use  of  it  simultaneously  at  many 
points  distributed  over  the  cross  section  of  a  closed  or  other  conduit. 
And  there  are  other  instruments  described  in  hand-books  and  in  current 
literature  on  the  subject. 

It  has  long  seemed  to  the  writer  that  an  application  to  metering  water 
of  the  iirinciple  involved  in  the  Bourdon  anemometer,  an  instrument 
Avhich  has  been  used  to  measure  the  velocity  of  currents  of  air  in  mines, 
in  France,  would  yield  valuable  results,  and  the  present  paper  is  in- 
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tended  to  record  the  experiments  made  and  the  results  found  with  two 
sizes  of  water  meter  of  that  description.  Bourdon's  anemometer  is 
founded  upon  the  jjroperty  of  a  Venturi  tube  to  exercise  a  sucking 
action  through  holes  bored  into  its  narrowest  section.  Then  by  meas- 
uring the  intensity  of  this  aspiration  by  means  of  any  form  of  vacuum 
gauge,  and  establishing  the  relation  between  such  "vacuum  pressure" 
and  the  velocity  of  the  air  through  the  tube,  the  instrument  becomes  an 
anemometer. 

This  described  property  of  the  Venturi  tube  was  known  to  "Venturi, 
and  may  be  found  detailed  at  length  in  the  account  of  his  exi^eriments 
made  in  Modena  about  1791.  His  own  account  of  these  experiments 
was  published  in  Paris  in  1797,  under  the  title  "Recherches  experimen- 
tales  sur  le  Principe  de  la  Communication  laterale  du  Mouvement  dans 
les  Fluids."*  But  Venturi  made  or  suggested  no  use  of  this  property, 
and  with  him  it  was  merely  a  curious  feature  in  the  working  of  his  appa- 
ratus. 

A  pump  made  upon  the  principle  of  the  Venturi  tube  may  be  found 
described  in  the  Zeitsclirift  des  Ingenieur  and  Arch.  Vereiii  in  Hanover, 
1873.  It  was  exhibited  by  Nagel  &  Co.,  of  Hamburg,  in  1869.  In  this 
case  the  orifice  into  the  throat  of  the  Venturi  tube  was  connected  by 
means  of  a  suction  pipe  wdth  the  water  to  be  pumped. 

And  the  following  schedule  gives  the  principal   dimensions  of  the 
apparatus : 

Fall  acting  through  the  Venturi  tube .  8  feet. 
Height  to  which  the  water  was  raised  8    " 

Diam.  of  suction  pipe 6  inches. 

Quantity  raised 1.75  cub.  ft.  per  see. 

Area  at  outlet  of  Venturi  tube 33.3  square  inches. 

Area  at  smallest  end 10.1  " 

Area   at  throat,  or  narro-west  i^assage 

for  the  "feed-water" 3.6  " 

Area  at  narrowest  section  of  suction 

water,  at  junction  Avith  the  "  feed- 

Avater" 4.0 

Note. — The  last  two  measurements  being  for  the  case  of  best  eflS- 
ciency  of  the  apparatus. 

This  pump  replaced  and  did  the  same  work  as  a  50  horsepower 
portable  engine  and  centrifugal  pump. 

♦  See  Tracts  on  Hydraulics,  by  Thomas  Tredgold,  second  edition,  London,  1836;  or  Nichol- 
son's "Journal  of  Natural  Philosophy,"  Vol.  Ill,  London,  1802,  for  English  translations.  Gil- 
bert's "  Annalen,"  Vol.  II  and  Vol.  Ill,  contain  a  German  translation. 
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Auotlier  use  made  of  the  Yenturi  tube  was  the  "  dilfuser,"  as  applied 
by  Uriah  A.  Boydeu  to  the  Fourneyron  turbiue,  its  office  having  been 
to  increase  the  discharge  of  the  turbiue,  and  consequently  its  effi- 
ciency; which  api^aratus  hag  not,  however,  maintained  itself  in  practice, 
owing  to  its  cost  being  disproportionate  to  the  gain  accomplished  with 
it.* 

Then  came  the  Bourdon  Anemometer,  above  referred  to,  and  now  the 
instrument  herein  described,  the  Veuturi  Water  Meter.f 

It  has  been  believed  by  some  that  the  Komans  made  use,  or  rather 
abuse,  of  the  properties  of  the  Venturi  tube,  to  take  water  unlawfully, 
the  Eoman  water  rights  consisting,  generally,  of  the  right  to  insert  into 
the  public  aqueducts  and  draw  water  through  a  calibered  and  officially 
stamped  circular,  tubular,  bronze  ajutage;  which  right,  it  has  been 
thought,  the  over-seltishly  disposed  then  tried  to  increase  in  value  by 
the  attachment,  at  the  doAvn  stream  end  of  the  ajutage,  of  a  Ventiiri 
tube. 

Our  principal  source  of  knowledge  on  the  subject  is  Sextus  Julius 
Frontinus,  who,  to  sj^eak  after  the  manner  of  the  moderns,  was  suj^er- 
intendent,  or  sole  water  commissioner,  of  the  water-works  of  Kome  in 
A.  D.  97,  having  been  appointed  in  that  year  by  the  Emperor  Nerva 
Augustus.  My  own  copy  of  Frontinus  is  in  German,  and  my  knowledge 
of  Latin  is  too  rudimentary  for  service.  But  judging  from  the  German 
translation,  the  phrase,  CaVtx  dere.cus  amplius  rapil,  upon  which  the 
above  recited  impeachment,  as  well  as  tribute  to  the  scientific  skill,  of 
the  ancient  Romans  appears  to  have  been  founded,  means  quite  a  differ- 
ent thing,  and  assumes  no  knowledge  of  the  properties  of  a  Venturi 
tube  in  increasing  the  discharge.  Its  apparent  meaning  is,  however, 
none  the  less  interesting.  As  I  translate  the  passage,  with  the  context, 
it  reads:  "Ajutages  inserted  perpendicularly  maintain  a  uniform  dis- 
charge; if  inclined  and  against  the  direction  of  the  current,  they  dis- 
charge more  {calic  devsxus  amjylius  rapit) ;  if  inclined,  but  Avith  the  di- 
rection of  the  current,  so  that  the  water  flows  by,  and  the  ajutage  is 
less  favorably  placed  for  swallowing  the  water,  it  w-ill  drink  without 
greed  an  insignificant  quantity." 


*For  afuUaccouut  of  the  diffuser,  see  "Lowell  Hydraulic  Expsrimcuts,"  Also  men- 
tioned in  later  editions  of  "  Weisbach's  Mechanics." 

t  Bourdon's  Auoraometor  may  bo  found  described  iu  Annales  des  Mines,  Se^)tcmber  and 
-October,  1881;  also  in  Comptes  liendus,  January  30tli,  1H82,  p.  221). 
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The  above  is  also  the  meaning  given  the  passage  by  Alfred  Leger,. 
Traraux  Piibliques  aux  teinps  Romains,  p.  596. 

The  Eoman  water- takers  were,  however,  undoubtedly  "cute  "  enough 
to  take  all  the  advantages  they  could  of  the  loose  form  of  grant  which  de- 
l^ends  for  its  limitations  and  definitions  ui^on  an  officially  stamped  bi'onze 
ajutage,  and  it  became  necessary  to  pass  a  law  prescribing  that  the  pipe  or 
conduit  of  each  consumer  should  have  the  same  diameter  as  his  granted 
ajutage,  for  a  space  of  not  less  than  50  lineal  feet  from  the  end  of  such 
ajutage.  Venturi  thought  that  his  form  of  tube  -would  increase  the  dis- 
charge, even  if  applied  on  the  end  of  a  pipe  50  feet  long,  though  he 
says:  "One  ought  to  be  suspicious  of  all  hydraulic  theories,  of  mine 
among  the  rest,  so  long  as  expeiiment  has  not  confirmed  them." 
Upon  -which  Eytelwein  (Gilbert's  "  Annalen,"  Vol.  7,  p.  295)  made  a  set 
of  experiments  to  test  this  very  point.  He  found  that  the  effect  of  the 
Venturi  ajutage,  in  the  case  of  a  discharge  freely  into  the  air,  decreased 
as  the  tube,  up-stream  from  it,  lengthened.  Discharging  freely  into  the 
air,  under  3  feet  head,  through  a  1-inch  tube  20  feet  long,  there  was  no 
apparent  difference  whether  the  Venturi  ajutage  was  on,  or  off. 

The  experiments  about  to  be  detailed  were  made  with  two  sizes  of 
Venturi  water  meters,  of  precisely  similar  interior  geometric  dimensions; 
one  inserted  into  a  tube  of  about  nine  feet,  the  other  into  a  tube  of 
about  one  foot  in  diameter.  In  each  case  the  other  intended  dimensions 
may  be  found  from  an  examination  of  the  proportional  dimensions 
given  in  Plate  XXXIII. 

The  throat,  or  the  narrowest  section  of  the  whole  apparatus,  is  a 
cylinder  1  high  or  long,  and  3  in  diameter.  At  the  distance  of  1  either 
way  from  the  throat,  are  attached  the  frustrums  of  two  cones,  but  the 
angles  at  which  the  cones  would  meet  the  cylinder  are  rounded  off;  in 
case  of  the  up-stream  cone,  on  a  radius  of  10.38;  in  case  of  the  down- 
stream and  longer  cone  (the  Venturi  mouth-piece),  on  a  radius  of  45.83. 
These  figures  are  got  from  making  the  tangents  of  the  rounded  off  por- 
tions in  each  case  =  1. ;  the  angles  at  the  bases  of  the  short  and  long  cones 
being  79 J  and  87^  degrees  respectively.  The  cones  are  i^roduced  in 
each  case  until  their  diameter  =  9. ;  making  the  lengths  from  throat  ta 
end  of  cone  17.09  and  69.80,  respectively,  and  the  length  of  the  whole 
apparatus  87.89.  These  are  the  intended  dimensions,  in  feet,  of  the 
larger  apparatus  experimented  with  October  (5-8),  and  by  dividing  all 
these  figures  by  9.,  we  get  the  intended  dimensions  in  feet,  of  the  smaller 
Venturi  water  meter,  which  was  tested  June  (9-15),  1887. 
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Confining  ourselves  now  to  a  consideration  of  this  last  named 
smaller  apparatus,  tlie  meter  itself  is  shown  in  Plate  XXXIV.  The  throat 
or  venturi,  as  it  was  named,  is  made  of  cast-iron,  lined  with  brass,  and  com- 
prises the  central  cylindrical  and  adjacent  two  curved  portions  of  Plate 
XXXIII.  Its  total  length  was  0.563  feet.  The  brass  lining  was  about  ^  an 
inch  thick,  firmly  set  in  its  enveloi^e  of.  cast-iron  and  the  joint  between 
the  two  end  faces,  cut  out  in  form  of  a  dove-tailed  circular  slot,  which 
was  then  filled  with  Babbitt  metal  to  guard  against  a  possible  leakage  of 
air  through  the  joint. 

Encircling  the  interior  narrowest  section  is  the  air-chamber,  which 
is  connected  with  the  interior  by  4  accurately  and  carefully  drilled  holes, 
at  right  angles  to  the  center  line  of  the  Venturi,  and  about  i  inch  in  di- 
ameter each.  The  interior  of  the  Venturi  was  carefully  polished  with 
emery  dust  after  the  holes  were  drilled,  making  the  edges  of  the  4 
holes,  as  finally  left  and  used,  perfectly  square  and  fsharp. 

To  measure  accurately  the  area  of  the  venturi,  I  had  made  a  brass 
cylinder,  which  exactly  fitted  it,  when  both  were  of  the  same  tempera- 
ture. This  cylinder  I  then  measured,  on  3  diameters,  with  a  vernier 
caliper  made  by  Darling,  Brown  &  Sharpe,  of  Providence,  R.  I. 

The  averages   in  each  case  of  three  such  measurements,  when  the 

plug  had  been  standing  all  day  in  the  air  at  a  temperature  of  about  68 

degrees,  after  a  i  -hour's  immersion  in  ice-water,  and  immediately  after 

taking  it  out  of  water  of  a  temperature  of  160  degrees  Fahr. ,  were  as 

follows : 

At  36  degrees  Fahr.  .3.978  inches  )  with  no  single  measure- 
68       "  "     ..3.979      "       I       meut  positive   as   to 

160       "  "     ..3.980      "       )       the  final  0.001  inch. 

From  which  I  computed  the  area,  at  about  60  degrees  Fahr.,  to  be  0.08634 
square  feet,  and  took  this  as  constant  in  all  the  experiments. 

The  air-chamber  is  bored  at  the  top  to  receive  the  suction  pipe,  to 
which  may  be  attaclied  any  form  of  vacuum  gauge. 

In  this,  the  first  apparatus  experimented  with,  there  were  several 
imperfections,  which  later  experience  i)ointed  out.  Some  of  these  were 
corrected  immediately,  some  were  avoided  for  the  first  time  in  the  con- 
struction of  the  9-foot  Venturi  meter,  and  some  remain  suggestions  for 
future  use.  To  give  this  record  the  greatest  utility  it  is  capable  of,  it 
is  necessary  to  point  out  these  defects,  or  suggestions  for  improvement, 
and  with  that  intent  thev  are  now  enumerated. 


i 
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First. — By  iuadverteuce  of  the  mechanics,  the  venturi  was  not  set 
so  as  to  bring  the  holes  between  the  air-chamber  and  throat,  exactly  at 
the  top  and  bottom,  and  on  the  horizontal  diameter;  and,  at  the  time,  this 
was  not  deemed  of  sufficient  importance  to  justify  the  expense  and  delay 
of  making  the  change  and  correction.  These  holes  were  17  degrees  out 
of  their  proper  position,  and  this  may,  or  it  may  not,  have  somewhat 
affected  the  results.     The  second  apparatus  had  no  such  defect. 

Second. — The  tube  leading  directly  from  the  air-chamber  should  have 
been  made  of  glass,  for  reasons  which  will  presently  appear.  This  was 
so  made  in  the  second  ajjparatus. 

Third. — To  gain  an  insight  into  the  workings  of  the  whole  apparatus, 
the  air-chamber  should  have  been  provided  with  pet-cocks,  and  these 
were  inserted  after  the  thirty-sixth  experiment.  They  were  also  used  in 
the  second  set  of  exi^eriments. 

Fourth. — The  tube  leading  from  the  air-chamber  should  have  had  a 
jiet-cock  inserted  into  it,  and  leading  into  its  interior,  at  a  point  higher 
up  than  the  water  ever  stands  in  the  tube.  The  absence  of  this  adjunct 
spoiled  the  results  of  experiments  (17-31),  in  the  first  set  of  exjieri- 
ments.  It  was  used  during  the  second,  or  October  experiments. 
Changes  in  the  apparatus  not  yet  tried,  will  be  spoken  of  later. 

To  either  end  of  the  central  cast-iron  member,  the  ventui'i,  were 
attached  two  wooden  cones,  of  the  general  interior  dimensions  already 
stated. 

These  were  made  of  white  j)ine  staves,  originally,  or  in  the  rough, 
about  2  inches  thick,  hooped  with  stout  cast-iron  hoops,  carefully 
planed  and  scraped  to  smoothness  inside,  then  soaked  in  water  before 
using.  The  actual  dimensions  of  the  cones,  measured  after  soaking  in 
water,  and  again  after  the  experiments,  were  as  Jollows:  giving  the 
average  of  all  the  measurements  taken;  the  differences  between  the  first 
and  second  set  being  in  no  single  measurement  over  2  or  3  thousandths 
of  a  foot,  and  therefore  insignificant. 

Smaller  cone,  length,  1.677,  diameters,  .372  and  .991  feet. 
Larger  cone,         •'        7.366,  "  .334  and  .992      " 

For  purposes  of  the  experiments,  the  Venturi  water  meter  thus 
formed  of  the  two  cones  and  the  venturi,  was  inserted  in  line  of  a 
wooden  tube,  made,  and  treated  before  using,  as  just  described  for  the 
<5ase  of  the  two  cones.  The  uii-stream  length  of  tube  had  the  following 
■dimensions : 
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Length 5.007;  diameter  at  np-stream  eml^  .990, 

at  do^vn-stream  end,  .992. 
Down-stream  tube: 

Length 5.996;  diameter 996,  .998. 

One  foot  from  that  end  of  these  tubes  which  was  joined  to  either  of 
the  two  cones,  each  tube  was  bored  to  receive  a  piece  of  galvanized  iron 
pipe,  J-inch  ipside  diameter.  To  bore  these  holes,  a  plug  of  soft  wood 
Avas  carefully  fitted  into  the  tube,  under  the  place  where  the  hole  was  to- 
be  bored.  Then  by  using  a  center-bit  auger,  the  hole  could  be  cut 
through  without  roughing  up  the  inside  edges  of  the  hole,  and  this 
hole  left  in  proper  shape  for  serving  as  the  inside  orifice  of  a  pie- 
zometer. 

The  iron  pipe  spoken  of,  was  screwed  into  this  hole  from  the  outside,, 
but  Avas  not  allowed  to  penetrate  more  than  about  half  way  into  the 
thickness  of  the  Avooden  stave,  .162  feet  thick,  forming  the  tube  at  that 
lioint. 

To  feed  the  Avater  to  the  up-stream  tube,  Avithout  loss  of  head  at 
entrance,  it  was  furnished  Avith  a  cycloidal  mouth-piece,  likewise  made 
of  wooden  staves,  carefully  smoothed  and  soaked  iu  water  as  were  the 
other  members. 

This  mouth-piece  had  a  diameter  of  1.001  at  the  outlet,  2.50  feet  at 
the  inlet  end,  and  Avas  1.17  feet  long;  its  cycloidal  generator  would  itself 
be  generated  by  a  point  on  a  circle  of  0.75  feet  diameter. 

The  experiments  were  conducted  in  the  wheel-pit  of  the  testing 
flume  of  the  Holyoke  Water  Power  Company,  a  ground  plan  of  Avhich 
is  shoAvn  in  Plate  XXXV .  This  is  a  building  used  by  the  company 
named  for  testing  turbines,  both  for  purpos?sof  the  water-measurements 
necessary  in  the  condixct  of  its  own  aflairs,  and  for  the  public.  Its 
foundation  masonry  is  first  class  and  well  grouted  rubble,  afterwards 
plastered  with  cement,  and  lined  with  brick  laid  in  cement.  The  wheel- 
pit  end-wall,  built  in  this  same  manner,  is  absolutely  water-tight  under 
20  feet  head  of  water,  and  it  is  believed  that  all  the  other  walls  are 
equally  firm  and  water-tight.  The  floor  consists  of  matched  4-inch 
hemlock  plank,  spiked  to  timbers  resting  on  roAvs  of  piles,  and  having- 
2.5-foot  bearing,  center  to  center,  under  the  wheel-pit;  4-foot  bearing 
under  the  tail-race.  On  this  first  flooring  is  spiked  another,  of  4-inch 
matched  hard  i^ine  plank  under  tlie  Avheel-pit;  of  2-inch  matched  white- 
liine  under  the  tail-race. 
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These  statements  will  give  a  fair  idea  of  tlie  character  of  the  structure 
Avliich  was  used  as  a  measuring  tank  in  these  experiments.  For  this 
purjjose  the  brick  walls  were  again  plastered  over  with  cement  to  give 
a  smooth  surface  to  measure  from.  The  walls  were  then  marked  and 
divided  ofi"  into  rectangles  by  hoiizontal  lines  1  foot  ajjart,  and  by 
vertical  lines  2  feet  apart,  and  all  dimensions  carefrrlly  taken;  while  the- 
floor  was  leveled  on,  both  when  the  pit  and  tail-race  were  empty,  and 
when  full  of  water.  I  ■will  not  go  into  further  details  relating  to  the 
determination  of  the  volume  contained  in  the  masonry  tank  between 
any  two  water-surfaces;  nor  into  the  determination  of  leakages,  Avell 
knoAvn  to  be  one  of  the  most  troublesome  and  laborious  parts  of  the  con- 
duct of  hydraulic  investigations.  Suffice  it  to  say,  that  every  thoi;ght 
of  refinement  of  measurement  and  of  computation  Avas  applied  to  tlie 
determination  of  volumes,  while  the  accompanying  leakages  were- 
measured  at  the  beginning  and  ending  of  every  experiment  by  noting 
the  rate  of  rise  or  fall  of  the  water  surface  in  the  tank.  This  water-surface 
being  generally  below  the  level  of  the  adjacent  lower  level  canal,  the 
resultant  leakage  was  sometimes  in,  sometimes  out,  and  sometimes  zeio- 

It  was  never  over  0.11  cubic  foot  per  second. 

The  heights  of  water  in  the  tank  were  measured  by  two  hook-gauge.", 
having,  together,  a  range  of  about  4  feet  in  height,  and  the  area  of  the 
measuring  tank  was  about  1  150  square  feet. 

The  whole  experimental  apparatus  is  shown,  in  ground  plan,  in  Plate 
XXXV  ;  in  elevation,  in  Plate  XXXVJ.  The  water  entering  through  the 
gate  A,  pa.ssed  through  several  temporary  divisions  put  into  the  forebay 
B,  to  quiet  it,  then  was  fed  to  the  tube  and  A'enturi  meter  by  the  cycloidal 
mouth-piece  above  referred  to.  It  was  discharged  into  the  tank  C, 
whence  it  flowed  either  into  the  box  D,  leading  through  the  waste-pipe 
£",  to  a  by-pass  F,  or  else,  on  swinging  back  the  spout  G,  it  was  dis- 
charged intotbe  mea&uring  tank  below.  P  and  Pj  are  piezometers,  the- 
diflerence  of  their  leadings  indicating  the  head  acting  on  the  whole 
meter;  or  loss  of  head,  caused  by  it.  S  is  the  suction  end  of  the  vacuum 
tube  T",  in  these  experiments  dipped  into  a  tub  of  water,  and  the  whole 
tube  being  34.5  feet  long,  was  long  enough  to  measure  a  perfect  vacuum, 
had  such  a  thing  been  attainable. 

This  last  named  part  of  the  tube  was  of  course  made  of  glass,  in  5- 
lengths  and  with  rubber- tube  joints.  Great  care  was  taken  to  make  all 
the  joints  air-tight,  and  by  means  of  wraijjjing  them  ^^•ith  telegrapher's- 
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rubber-tape,   and  the  use  of  rubl)er  cement,  tliis  was  finally,  it  Avas 
believed,  successfully  accomplished. 

Our  positive  knowledge  on  the  subject  is,  that  in  the  experiments 
following  experiment  No.  7,  no  more  air-bubbles  could  be  detected 
rising  through  the  water  within  the  vacuum  tube.  This  is  a  very 
delicate  test  for  leaks  iu  all  joints  below  this  water  level;  in  case  of  the 
other  joints,  reliance  had  to  be  placed  on  careful  work  equal  iu  quality 
to  that  used  in  the  tested  joints. 

A  drip-box  H  caught  the  leakage  of  the  spout  G,  while  the  water  was 
wasting,  and  discharged  this  leakage  into  the  waste-pipe  E  by  means  of 
the  pipe  /.  /  is  a  waste-valve  leading  to  the  by-pass  F,  which  helped 
to  regulate  the  height  of  water  in  the  forebay  B. 

At  the  moment  of  one  assistant  opening  the  swing- spout  G  to  dis- 
tjharge  the  water  into  the  measuring  tank,  another  assistant  shut  off  the 
pipe  /by  means  of  an  ordinary  pipe  valve  next  the  drip-box  H,  and  he 
•opened  it  again,  when  the  swing- spout  was  swung  back  into  contact 
with  the  tank  C.  The  contents  of  the  drip-box  H,  which  wasted  into 
the  waste-pii3e  E  at  the  close  of  each  experiment,  when  they  should 
have  gone  into  the  measuring  tank,  were  added  to  the  volume  found  in 
the  measuring  tank. 

The  times  when  the  swing-spout  was  opened  and  when  shut,  were 
taken  by  the  writer,  with  a  stop-watch,  reading  to  \  seconds. 

The  practice  of  the  first  three  or  four  experiments  sufficed  to  get  this 
time,  as  near  as  he  could  judge,  exactly  right.  The  swing-spout  was 
handled  so  easily,  by  means  of  the  long  lever  attached,  that  its  motion 
was  very  qiiick  and  positive.  Inside  of  the  tank  G,  and  in  front  of  the 
tube  discharging  into  it,  was  a  sliding  gate,  by  means  of  which  the  dis- 
charge of  the  tube,  and  of  the  Venturi  meter,  could  be  regulate.1. 

It  will  be  noted  that  the  discharge  took  place  under  water;  or,  as  it 
is  generally  expressed,  the  whole  apparatus  was  submerged.  At  a  later 
stage  of  the  experiments,  when  it  became  desirable  to  reduce  the  amount 
of  submergence  more  than  was  jiermitted  by  the  position  of  the  swing- 
spout,  several  experiments  were  made  with  the  discharge  escaping  from 
the  tank  G,  through  a  series  of  holes  bored  into  it;  this  discharge  being 
measured,  by  comparison  with  other  discharges  of  the  whole  system  of 
tube,  Venturi  meter  and  tube,  when  acting  under  the  same  total  heads. 

This  series  consists  of  experiments  (70-76). 

Another  set  were  made  at  a  time  when  theie  was  some  doubt  as  to 
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the  reliability  of  tlie  whole  aiiparattis,  and  consisted  merely  of  roughly 
measuring  the  total  heads  and  the  corresponding  indications  of  the 
■vacuum  gauge,  and  running  this  latter,  by  means  of  the  gate  in  the 
tank  C,  up  and  down  its  extreme  range  several  times  as  quickly  as  pos- 
sible, and  without  regard  to  the  accuracy  obtainable  from  the  average 
reading  of  many  observations  taken  under  the  same  circumstances. 
This  series  consists  of  experiments  (77-154),  and  in  it  likewise  the  actual 
discharge  was  not  measured,  and  was  obtained  as  in  the  series  (70-76). 
All  the  data  upon  which  it  is  founded  are  mere  single  readings  of  oscil- 
lating columns  of  water,  taken  for  the  piirpose  and  in  the  manner 
state:!. 

Still  another  odd  set  of  experiments  is  the  series  (56-60).  To 
thoroughly  explain  this  set  it  may  be  best  to  speak  now  of  the  actual 
operations  of  the  Venturi  meter  as  applied  to  a  water-pijie  in  ordinary 
service. 

If  we  supijose  the  water  in  the  pipe  to  be  still,  the  height  of  water 
in  a  piezometer  placed  just  up-stream  from  the  meter,  and  in  the  one 
formed  by  the  suction  pipe  which  leads  out  of  the  Venturi  air-chamber, 
will  be  on  the  same  level.  When  the  water  begins  to  flow  throiigh  the 
Tenturi  it  will  cause  the  piezometric  column  leading  out  of  the  Ven- 
turi to  fall  below  the  straight  line,  joining  the  surfaces  of  the  water  in 
the  two  piezometric  tubes  placed,  the  one  just  up-stream,  and  the  other 
just  down-stream  from  the  Venturi  meter;  this  straight  line  being  the 
iDest  obtainable  reference  line  at  the  time  the  experiments  were  being 
conducted. 

This  increment  of  fall  I  have  called  the  "  depression  "  at  the  Ven- 
turi. And  in  the  series  (56-60)  this  de^n-ession  was  seen  through  a  gal- 
vanized iron  pipe  by  "  the  eye  of  faith  "  alone.  Its  value  was  taken 
from  the  values  found  for  such  dei^ression  in  other  experiments,  when 
the  water  was  passing  through  the  Venturi  with  similar  velocities,  and 
the  degi'ee  of  submergence  was  such  that  the  depression  could  be 
measiired  in  form  of  a  vacuum  and  by  the  vacuum  gauge.  In  the  sub- 
sequent set,  the  October  experiments,  the  suction  tube  referred  to  was 
of  glass,  and  the  depression  could  be  directly  measured. 

To  resume  a  description  of  the  action  of  the  whole  apparatus :  As  the 
depression  increases,  there  comes  a  time,  when  the  water  level  in  the 
suction  tube  will  fall  to  the  level  of  the  top  of  the  air-chamber,  then 
fall  still  further,  until  finallv  it  touches  or  blends  itself  with  the  sur- 
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face  of  the  stream  of  water  sjiouting  through  the  Venturi.  The  moineut 
the  tendency  to  a  depression  tends  to  depress  the  water-column  in  the 
suction  tube  still  further,  a  true  sucking  action  commences.  So  long  as  the 
Venturi  end  of  the  suction  pijie  acts  as  a  piezometer,  it  is  necessary  that 
this  i)ii)e  be  connected  with  the  outer  air  by  means  of  the  pet-cock 
above  spoken  of,  to  have  its  indications  reliable;  as  otherwise  the  air 
contained  in  the  pipe  between  the  Venturi  and  the  tiib  of  wate?-,  or 
mercury,  at  the  lower  end  of  the  other  leg  of  the  suction  pipe,  may  be- 
come compressed  or  rarified  by  the  action  of  the  water  backing  up,  or  of 
the  Venturi  exhausting  air,  and  thus  cause  the  inezometric  readings  to 
be  in  error.  As  soon  as  a  true  sucking  action  commences,  however,  the 
pet-cock  must  of  course  be  closed.  As  stated,  the  apparatus  used  in  the 
June  tests  had  no  :-uch  pet-cock,  which  defect  rendered  expei-iments 
(17-31)  worthless. 

The  comjilete  records  of  the  experiments  are  too  voluminous  to  be 
reproduced  in  print.  Before  giving  the  results  in  tabular,  digested 
form,  therefore,  some  of  the  characteristics  of  the  observations  taken 
will  be  described. 


The  upper  head-gauge,  column  5  of  the  table,  was  liable  to  have 
large  bubbles  of  air  rise  up  through  it  when  the  water  in  the  forebay 
fell  too  low,  or  was  too  much  churned  up  by  its  discharge  through  the 
head-gate.  When  this  occurred,  the  experiments  were,  as  a  rule,  sus- 
pended, and  the  ti'ouble  was  remedied  by  raising  the  water  level  in  the 
forebay,  or  by  causing  the  water  to  flow  through  longer  channels  before 
reaching  the  cycloidal  mouth-iuece.  The  water  in  the  forebay  could  not 
be  kept  in  sight,  and  during  some  of  the  experiments  with  a  low  stage 
of  water  (70-76)  an  eddy  may  have  formed  above  and  next  the  mouth- 
piece, and  carried  air  into  and  through  the  meter,  I  regard  it  probable 
that  the  divergence  of  experiments  (70-76)  from  the  mean  was  due  to 
this  cause.  But  during  the  experiments  the  indications  of  head-gauge 
No.  1  as  to  air-bubbles  were  regarded  as  conclusive,  witli  respect  to  the 
presence  of  air,  or  of  as  little  aims  was  practically  attainable,  in  the  water 
carried  by  the  Venturi  meter.  When  air-bubbles  were  seen  in  this 
gauge-tube,  the  flow  of  water  to  the  mouth-piece  was  ameliorated;  and 
when  none  w(>re  seen,  it  was  supposed  that  there  was  no  need  for  the 
amelioration  referred  to.  At  first,  readings  were  taken  on  this  and  on 
head-guage  No.  2,  every  minute;  but  after  ^he  eleventh  experiment  they 
were  taken  at  least  every  half-minute,  and  sometimes  as  many  as  four 
per  minute,  during  the  dura' ion  of  the  experiment. 

The  oscillations  of  the  water  column   in  head-gauge  No.  1  were  not 


HERSCHEL    ON    YENTQRl    WATER    METER.  241 

large,  being  in  some  experiments  as  little  as  0.02  in  the  course  of  the 
experiment,  and  seldom,  if  ever,  touching  0.10  as  their  extreme  range. 

The  down  stream  head-gauge,  column  6  of  the  table,  was  more 
trouldesome  as  to  air-bubbles  coming  up  in  it,  and  in  its  range  of  oscil- 
lations. Air-bubbles  could  probably  have  been  made  to  i^ass  by  un- 
noticed, by  tapping  the  piezometer  into  the  bottom  of  the  1-foot  tube; 
but  the  original  way  of  tajiping  it  into  the  top  of  the  tube  was  adhered 
to,  for  the  very  purpose  of  being  thereby  able  to  judge,  somewhat,  of 
the  amount  of  air  carried  through  the  meter.  Low  velocities  caused 
least  oscillations,  from  .05  to  .10;  high  velocities  caused  greater  oscilla- 
tions in  the  piezometric  column,  ranging  as  high  as  0.30,  in  some  cases 
0.35,  during  the  duration  of  a  single  exi^eriment,  but  without  any  effort 
being  made  to  register  maxima  aad  minima.  The  amount  of  air  carried 
through  the  meter  was  naturally  greatest  during  the  experiments  with 
high  velocities.  It  was  also  governed,  no  doubt,  to  some  extent  by  the 
degree  of  submergenca  of  the  whole  apparatus.  It  was  never  allowed 
to  be  great  enough  to  cast  palpable  discredit  on  the  indications  of  the 
gaixge  No.  2,  having  regard  to  such  indications  consisting  of  the  aver- 
age of  the  many  readings  (sametimes  forty  o:-  more)  noted  down  during 
the  course  of  a  single  experiment. 

The  vacuum  gauge,  column  9  of  the  table,  was  supplied  with  water 
of  very  nearly  the  same  temperature  as  that  of  the  water  passing  the 
meter.  The  gauge  alongside  of  the  water-barometer  tube  was  movable, 
and  had  for  its  zero  the  point  of  a  hook-gauge  dipping  into  the  tub  of 
water  that  siipplied  the  water  for  the  barometric  column.  The  i)oint  of 
this  hook-gauge,  or  zero  of  the  gauge,  could  thus  be  constantly  kept  at 
the  level  of  the  water  in  the  tub. 

During  extremes  of  velocity,  the  oscillations  of  the  water  column 
were  least;  for  velocities  of  15.  to  35.  feet  per  second  through  the 
venturi  they  were  greater.  Two  methods  of  reading  this  gauge  were 
used.  In  the  one,  the  observer  mad 3  his  record  once  a  minute,  men- 
tally noting,  before  writing  down  the  observation,  what  was  the  average 
of  the  oscillations  seen.  This  method  gave  an  extreme  range  of  .10  or 
.11  daring  the  course  of  any  single  exjieriment.  In  the  other  method, 
the  observer  noted  down  heights  seen,  as  fast  as  he  could  write,  so  as  to 
catch  the  very  extremes  of  all  the  oscillations.  This  method,  gave  some- 
times as  much  as  tsvo  feet  of  oscillation  during  the  course  of  a  single 
experiment.  The  use  of  a  mercury  column  instead  of  a  water  column 
would  naturally  have  limited  these  ranges  of  oscillation  to  about  -iV  of 
their  value  as  found.  But  it  was  deemed  best  to  use  the  water  column 
for  jjurposes  of  an  accui*ate  representation  of  the  forces  at  work  in  the 
apparatus.  On  the  other  hand,  the  air-chamber  Avas  intended  to  average 
or  to  quiet  the  action  of  these  forces,  as  they  might  act  through  a  single 
orifice  bored  into  the  venturi,  and  directly  connected  with  a  piezometric 
tube  or  with  the  suction  pipe  of  a  vacuum  barometer.     At  date  of  this 
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writing.  I  regard  the  use  of  some  form  of  air-cliamber  as  essential  to  the 
good  working  of  a  venturi  meter. 

Wiien  the  vacuum  column  was  broken  by  opening  either  of  the  pet- 
cocks  which  were  above  the  water  level  in  the  air-chamber,  the  water 
column,  previously  supported  by  the  existence  of  the  partial  vacuum, 
would  drop  instantly,  then  perhaps  oscillate,  with  a  doAvnward  tendency 
in  the  oscillations. 

Its  fall  could,  as  a  rale,  be  as  instantly  arrested,  by  closing  the  pet- 
cock  orifice  with  the  finger;  and  sometimes  a  number  of  taps  with  the 
finger  would  be  telegraphically  repeated  by  ajjparently  synchronous 
movements  of  the  water  column. 

Before  presenting  the  tabular  results  of  the  experiments^  I  also  present 
some  remarks  as  to  the  methods  of  computation  which  yielded  these 
results.  The  first  six  columns  of  the  table  contain  data,  and  with  what 
has  been  said  above,  will  need  no  further  explanation. 

Column  7  is  a  mere  subtraction  of  Column  G  from  Column  5. 

Column  8  will  be  as  readily  understood. 

Column  9  contains  data,  being  the  length  of  the  water  column  held 
up  in  the  vacuum  gauge,  and  measured  as  already  described. 

Column  10  shows  the  working  of  the  3  pet-cocks  that  were  tapped 
into  the  air-chamber,  one  on  toi?,  one  on  line  with  a  horizontal  diameter, 
and  one  directly  at  the  lowest  point  of  the  air-chamber. 

Column  11  is  the  "  head  on  the  ventiiri,"  or  He,  being  the  difference 
of  level  between  the  water  at,  and  above  the  venturi,  as  indicated  by  the 
head-gauge  No.  1  and  by  the  vacuum  gauge.  The  elevation  of  the  top 
of  the  inside  of  the  venturi  was  84.704,  and  all  measured  vacuum  heights 
must  be  substracted  from  this  quantity  to  get  the  constructive  elevation 
of  the  water,  or  locus  of  the  hydraulic  gradient,  at  the  venturi.  The 
difi'erence  between  this  locus,  or  elevation  of  the  hydraulic  gradient,  at 
head-gauge  No.  1  and  at  the  venturi  is  the  "  head  on  the  venturi,"  in  the 
computations  as  made  and  recorded  in  the  table. 

Column  12  contains  the  co-efficient  belonging  to  the  ordinary  compu- 
tation of  discharge  through  an  orifice,  when  the  discharge  is  as  found 
during  the  experiment,  the  orifice  is  the  venturi,  and  the  head  is  Ih. 

Column  13  is  the  locus  of  a  point  at  the  venturi  in  a  straight  line, 
connecting  the  points  in  the  hydraulic  gradient  found  at  head-gauges 
Nos.  1  and  2. 

Column  14  is  the  difference  between  Column  13  and  84.704,  plus  the 
measured  vacuum  heights.  It  indicates  how  much  the  hydraulic  gradi- 
ent was  depressed  at  the  venturi  below  the  point  given  in  Column  13. 
From  Columns  13,jl4  and  5  was  foiind  the  IIu  to  be  used  in  experiments 
(56-GO).  With  a  more  perfect  experimental  apparatus,  this  and  other 
roundabout  methods  of  interpolation  used  in  computing  the  tabular 
results  could,  of  course,  have  been  avoided.  But  with  the  data  at  hand, 
it  was  deemed  better  to  utilize  all  there  were,  in  the  best  way  possible 
rather  than  reject  any. 
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Column  15  indicates  the  characters  usstl  iu  i^lotting  the  experiments. 

Column  16  is  IL,  plus  the  height  due  the  velocity  of  approach  in  the 
one-foot  tube;  and  is  called  i?«'. 

Column  17  is  the  co-efficient  corresponding  to  Hv'  when  used  similarly 
to  Hv  of  Column  11. 

A  star  affixed  to  a  number  in  ths  table  indicates  some  form  of  inter- 
polation. 

Experiment  No.  66  is  worthless  on  account  of  inability  to  keep  the 
head  steady  in  the  forebay.  Experiments  14  and  15  are  unreliable  on 
account  of  too  much  air  in  the  down- stream  head-gauge  and  passing  the 
meter.  And  I  hold  experiments  70-76  to  be  unreliable,  as  already 
stated. 

It  is  much  to  be  desired  that  the  whole  series  be  repeated  with  the 
more  perfect  means  for  observation,  which  the  experience  of  this,  the 
first  series,  suggested. 

The  October  set  of  experiments  were  made  with  a  Venturi  meter 
built  w])  inside  of  the  9-fool  trunk  that  feeds  the  testing  flume.  This 
trunk  is  of  the  sort  usually  built  in  Holyoke,  of  boiler  iron,  to  serve  as 
a  penstock  of  mills. 

Every  alternate  ring,  or  section  of  about  44  feet  in  length,  is  a  spigot- 
piece,  at  both  ends,  and  the  others  are  bell-pieces.  Each  ring  is 
formed  of  three  plates,  lapped  and  riveted,  the  bell  and  spigot-joints 
also  being  riveted.  Nominally  9  feet  in  diameter,  very  careful  measure- 
ment on  15  diameters,  at  the  35  narrowest  sections  of  a  length  of  about 
150  feet,  gave  the  average  area,  rivet-heads  subtracted,  57.823  square 
feet.     The  area  of  the  "average  shape  "  was  57.742  square  feet. 

This  "average  shape  "was  very  nearly  a  true  ellipse,  having  8.70 
and  8.93  for  its  minor  and  major  axes,  the  minor  axis  being  the  vertical 
one. 

Commencing  at  the  ujjper  level  canal,  comes  the  usual  rack  to  keep 
out  floating  substances;  then  a  head-gate,  in  these  experiments  wide 
open,  and  of  no  influence;  then  a  piece  of  trunk,  about  7  feet  in 
diameter  and  22  feet  long;  then  a  conical  piece,  8  feet  long,  to  expand 
from  the  7-foot  to  the  9-foot  trunk;  then  the  9-foot  trunk,  in  a  straight 
line  with  the  two  i^ieces  already  named,  224  feet,  then  curving  on  a 
quarter  circle  of  40  feet  radius  of  center  line,  and  a  straight  length  9 
feet  long,  to  the  vestibule  of  the  testing  flume,  as  indicated  in  Plate 
XXXY. 

Head-gauge  No.  1  was  situated  73.92  feet  down-stream  from  the 
inside  of  the  rack,    the  inside  of  the  rack  being  35.5  feet  upstream 
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from  tlie  up-stream  end  of  the  9-foot  trunk.  From  head-gauge  No.  1  to 
the  beginning  of  the  ui5-stream  cone  was  36.81  feet;  thence  to  center  of 
the  venturi,  IG.IO  feet;  thence  to  end  of  lower  cone,  69.58  feet;  thence 
to  head-guage  No.  2,  30.39  feet. 

This  trunk  has  an  inclination  down-stream  of  1.577  in  100  feet,  as 
measured  from  the  interior  surfaces  of  the  orifices  leading  to  head- 
gauges  Nos.  1  and  2.  All  the  structures  placed  in  it,  hereafter  to  be 
described,  were  set  in  planes  at  right  angles  to  the  center  line,  or  so  as 
to  have  the  center  line  for  their  geometric  axis.  The  inside  of  the  top 
of  the  venturi  was  on  grade  90.909.  The  water-level  in  the  upper 
canal  at  this  point  is  about  99.90;  that  of  the  lower-level  canal  about 
79.90. 

As  above  stated,  the  general  dimensions  of  the  meter  were  intended 
as  given  in  Plate  XXXIII.  The  venturi  is  shown  in  Plate  XXXVII, 
and  was  made,  as  in  the  1-foot  meter,  of  cast-iron,  lined  with  brass; 
differing  from  the  1-foot  venturi,  however,  in  having  eight  separate 
air-chambers,  one  for  each  i-inch  hole  leading  out  of  the  venturi. 

These  several  air-chambers  had  each  a  suction-pipe  attached,  and  a 
pet  cock,  as  shown  in  Plate  XXXVII.  The  several  suction-pipes  had  each 
a  stop-valve,  and  were  then  assembled  into  the  main  suction-pipe,  which 
led  to  the  vacuum-gauge  or  water-barometer.  By  means  of  this  arrange- 
ment, any  one,  all,  or  combination  of  several  air-chambers  could  be 
connected  with  the  vacuum  gauge  to  the  exclusion  of  the  others. 

Plate  XXXVIII  shows  the  whole  meter  in  longitudinal  section.  The 
iron  and  brass  venturi  was,  in  this  case,  as  will  be  seen,  a  true  cylinder, 
about  3  feet  in  diameter  and  only  1  foot  long.  Its  area  was  7.07425  square 
feet,  as  determined  from  a  measurement,  Avith  a  vernier  slide-rod,  of  12 
diameters;  4  at  each  end  and  at  the  center  of  the  cylinder. 

At  either  end  of  the  venturi  was  a  wooden  connecting-piece,  made  to 
flare  outwardly  in  the  curves  shown  in  Plate  XXXIII,  and  built  up  of 
staves,  hooped  Avith  strong  cast-iron  frames,  turned  and  smoothed  in  a 
lathe  and  soaked  in  water  before  setting.  At  either  end  of  the  central 
portion  thus  formed  came  the  two  cones,  consisting  of  planed  pine  strips 
nailed  to  circular  frames  or  hoops,  set  inside  the  9-foot  trunk.  This 
construction  of  the  cones  did  not  leave  them  so  smooth,  at  all  the  joints 
and  butts,  as  Avas  the  case  with  the  1-foot  cones,  of  course;  the  whole 
surface  was,  however,  much  smoother  than  the  interior  of  the  iron  trunk 
at  either  end.     Two  water-tight  bulk-heads  set  in  the  trunk  at  either 
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end  of  the  central  portion  above  referred,  to,  and  a  man-liole  cut  into 

the  trunk  from  the  outside  between  these  bulk-heads,  gave  access  to  the  i 

outside  of  the  venturi  during  the  experiments. 

In  these  experiments  the  head-gauges  were  hook-gauges,  measuring  j 

water-levels  inside  of  stout  boxes,  that  were  connected  with  the  9-foot  .'j 

trunk  by  J-inch  pipes.     These  J-inch  pipes  were  connected  with  shor  i; 

brass  ajutages  let  into  the  shell  of  the  trunk,  and  smoothly  filed  off  on 
the  inside.  The  trunk  itself  was  tapped  to  receive  these  ajutages,  in 
the  case  of  each  gauge,  at  the  top  of  one  of  the  smaller  or  spigot  rings,  .    .j 

about  1  foot  up-stream  from  its  entrance  into  one  of  the  larger  or  bell 
rings.  .  .i 

The  quantity  passing  the  meter  was  measured  over  the  weir  of  the 
testing  flume.  This  is  a  permanent  weir,  having  a  -wrought-iron  sharp 
edge,  which  can  be  used  without  end-contractions  on  a  length  of  about 
20  feet,  or  with  end-contractions  on  shorter  lengths. 

It  was  used  with  end-contractions  on  a  6-foot  length  in  experiments  - 

(1-7),    and   without   end-contractions   in    the   remaining   experiments.  i 

About  10  feet  up-stream  from  the  weir  is  a  horizontal  laerforated  brass  i 

tube  set  some  9  inches  above  the  floor  (which  in  turn  is  5.9  feet 
below  the  crest  of  the  weir),  this  tube  being  connected  with  a  galvanized 
iron  bucket  set  in  a  recess  in  the  wall  and  fitted  with  a  hook-gauge  for  .''i 

measuring  def)ths  upon  the  weir.  I  have  always  used  a  light  leveling- 
rod,  2 -inch  square,  graduated  on  all  four  sides,  by  Darling,  Brown  & 
Sharpe,  of  Providence,  R.  I.,  brass-tipjied  at  the  ends  and  set  directly 
on   the   hook,  to  compare  weir  heights  with  the  setting  of  the   hook-  -J 

gauge.  Two  racks  deaden  the  water  before  it  reaches  the  line  of  bx-ass 
tube  that  leads  to  the  hook-gauge  bucket. 

As  some  of  the  w^eir  heights  exceed  the  limit  of  the  Francis  experi- 
ments, I  used  in  the  computations  of  these  quantities  the  co-efficients  r 
given  in  Hamilton  Smith's   "Hydraulics." 

These  are  the  result  of  a  careful  sifting  and  digest  of  all  attainable  ■  ' 

original  piiblications  of  the  records  of  reliable  experiments  on  the  dis- 
charge over  weirs,  inclusive  of  those  made  by  James  B.  Francis,  and 
recorded  in  "Lowell  Hydraulic  Experiments."  Their  results,  differ  from 
the  results  of  the  Francis  formula  in  the  present  instance  as  follows, 
giving  a  few  characteristic  differences. 
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Diflference  to  Reduce  F.  Quantity  to  S.  Quantity. 

Depth  on  the  Weir. 

6-foot  Weir. 

20-foot  Weir. 

0.2 
0.8 
1.0 

2.0 
2.5 

Per  cent. 

+  1.7 
4-     .0 

+      1 
+  1.0 
+  1.4 

Per  cent. 

+  2.0 

—  0.7 

—  0.45 
+  1.0 

+  1.5 

The  measurement  of  leakages  was  conducted  with  the  same  care  that 
obtained  in  the  June  experiments  already  si>okeu  of.  They  could  in 
all  cases  be  measured  by  the  variations  in  the  water-level  of  a  defined 
area,  the  proper  allowance  being  then  made  for  an  increased  or  a 
diminished  head  upon  the  orifices  causing  leakage  for  the  duration  of 
each  experiment;  in  one  case,  that  of  the  two  bulk-heads  either  side  of 
the  venturi,  the  leakage,  an  insignificant  quantity,  was  pumped  out  and 
measured  in  pails.  The  total  leakage  never  exceeded  0.72  cubic  feet 
per  second,  and  ranged  from  that  down  to  0.47,  or  from  about  0.3  to  4 
per  cent,  respectively,  of  the  quantity  passing  the  meter. 

In  these  experiments,  also,  the  discharge  of  the  meter  was  a  s.ub- 
merged  one.  The  water  at  the  extreme  down-stream  end  of  the  9-foot 
trunk  always  stood  higher  than  the  toj)  of  the  trunk. 

Before  setting  the  Yenturi  meter  into  the  9-foot  trunk,  but  after  the 
head-gauges  subsequently  used  in  the  Venturi  meter  experiments  had 
been  established,  a  series  of  experiments  were  made  to  test  the  loss  of 
head  in  the  original  9-foot  trunk.  The  results  of  this  series  are  given  in 
the  table  which  foUoAvs. 

The  area  was  taken  =  57.823  square  feet  as  above  stated. 

D  =  8.58,  though  the  "average  shape"  was  an  ellipse  and  not  a 
circle. 

1  =  152.88,  being  the  distance  between  centers  of  piezometric  brass 
ajutages  above  spoken  of. 

Each  ex]3eriment  is  based  upon  the  average  result  of  not  less  than 
forty  consecutive  half-miaute  readings. 

In  this  and  the  following  series  of  experiments,  taking  their  supply 
of  water  from  the  upper  level  canal  at  Holyoke,  an  extra  gate  tender 
Avas  stationed  on  duty  to  keep  the  upper  level  steady.  By  constantly 
wasting  out  of  the  upper  level,  at  a  point  some  distance  from  the  head- 
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gates,  then  keeping  the  water  steady  at  this  point  by  reguhxting  the 
amoimt  wasted,  and  with  the  aid  of  a  canal  a  mile  long  and  averaging 
125  feet  wide,  as  was  the  case,  this  was  reasonably  well  accomplished. 
During  the  course  of  a  single  experiment  the  canal  seldom   varied  as 

much  as  0. 10  in  level.     Then,   in  the  well-known  formula  v:=n  ^rV 

being  equal  to  ~    (see  Hamilton  Smith's  "  Hydraulics,"  p.  271,) 
V,  h  and  n  have  the  following  corresponding  values. 


V 

h 

n 

Feet  per  second. 

Feet. 

Co-efficient. 

0.5 

0.0012 

121.9 

1.0 

.0049 

120.6 

1.5 

.0128 

111.9 

2.0 

.0238 

109.4 

2.5 

.0375 

109.0 

3.0 

.0548 

108.2 

3.5 

.0763 

107.0 

4.0 

.1012 

106.2 

1.5 

.1295 

105.6 

The  results  of  the  thirteen  experiments  made,  plotted  so  regularly, 
and  the  points  were  so  close  together,  that  there  is  hardly  a  choice  in 
reliability  between  points  taken  from  jilotted  curves  at  regular  intervals, 
as  given  in  the  table,  and  the  direct  results  of  experiment.  I  judge  from 
the  disagreement  of  the  results  above  given,  with  those  found  at  other 
jilaces,  but  on  longer  tubes,  either  that  piezometers  do  not  correctly  in- 
dicate the  h  of  the  formula  (see  Hamilton  Smith's  "  Hydraulics  "),  or  else 
that  a  uniform  and  non-accelerative  regime  of  the  flow  of  water  through 
the  trunk  had  not  become  established  in  the  comiDaratively  short  length, 
at  command  for  purposes  of  measurement.  This  latter  circumstance 
would,  in  most  cases,  prevent  any  attempt  to  compute  the  flow  of  water 
through  mill  trunks,  and  in  many  cases  of  city  water  i3ipes,  by  the  use  o 

the  formula  r  ^n-Jrs,  or  of  any  other  formula  for  the  discharge   of 

pipes;  whose  general  co-efUcients  can  only  be  established  for  the  case  of 
a  perfectly  uniform,  permanent  flow;  three  modifying  conditions,  namely, 
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those  of  jierfeation,  uuiformityaud  permanency,  which  are  very  difficult 
to  obtain  in  prac-tice. 

Passing  now  to  the  description  of  the  table  about  to  be  given : 

Columns  1  to  8  will  hardly  need  explanation  other  than  that  alreadv 
al)ove  written.  All  the  data  tabulated  are  the  averages  of  consecutive 
half-minute  readings,  except  in  cas?  of  the  head  on  the  weir,  where  the 
usual  oue-miuute  interval  b3tweeu  readings  was  adhered  to. 

Columns  9  and  10  will  be  clear,  when  it  is  remembered  what  was 
•above  said  with  regard  to  depression  of  the  jnezometric  water  column 
in  the  br  inch  of  the  suction-pipa  which  leads  directly  out  of  the  air- 
chamber,  and  couceriiing  the  vacuum-gauge  formed  by  the  other, 
descending  leg  of  the  same  suction-piise;  remembering,  moreover,  that 
the  plane  of  division  between  the  action  of  these  two  forms  of  the  veuturi 
gauge  lies  on  grade  90.909,  as  abov.^  stated. 

Column  11  brings  iis  to  a  peculiarity  in  this  method  of  metering 
water,  first  revealed  by  this  series  of  experiments,  viz.,  that  the  indica- 
tions of  the  venturi  depression,  or  vacuum  gauge,  are  difierent,  accord- 
ing as  the  venturi  has  been  pierced  upon  a  different  diameter. 

As  these  experiments  were  made  at  the  expense  of  and  in  the  inter- 
ests of  the  Holyoke  Water-Power  Comjiany,  and  for  the  sole  i3urpose 
either  of  discovering  or  of  perfecting  a  new  and  practical  method  of 
gaiiging  water,  I  have  not  pursued  the  study  of  this  apparent  idiosyn- 
crasy of  the  meter  any  further  than  as  stated  in  the  Table.  As  I  trans- 
late the  results,  they  mean  that  the  venturi  must,  in  all  cases,  be  i^ierced 
for  connection  with  the  air-chamber  vertically  at  its  crown,  and  may  be 
pierced  radially  at  as  many  additional  i^oints  as  we  please,  without  affect- 
ing the  reading  of  the  standard  crown  orifice.  I  have  no  experimental 
results  to  guide  me  in  a  choice  between  several  venturi  orifices  and  air- 
chambers  (one  at  the  crown  always  included),  or  only  a  crown  orifice; 
or  between  air-chambers  separate  and  distinct  for  each  orifice,  as  in  the 
October  exjieriments,  and  an  air-chamber  common  to  several  orifices  and 
encircling  the  venturi,  as  in  the  June  experiments.  Still,  as  my  feeling 
on  the  subject,  being  that  of  a  i:)erson  who  has  worked  with  the  two 
forms  of  meter,  may  V)e  interesting,  I  will  state  that,  at  present,  I  should 
favor  the  general  form  of  air-chamber  and  of  orifices  used  in  the  June 
experiments. 

Column  12  will  need  no  explanation.  In  this  set  of  experiments, 
with  the  glass  suctiou-jjipe  next  the  veuturi  and  the  separate  air-cham- 
bers, these  pet-cocks  Avere  of  subordinate  value.  To  open  a  pet-cock, 
so  long  as  the  dejjression-gauge  (not  vacuum-gauge)  is  acting,  does  not 
disturb  the  piezometric  water  column. 

Columns  13  to  16  demand  no  further  exjilanation  than  was  given  for 
the  similar  columns  in  the  table  relating  to  the  June  ex2)erimeuts. 

As  regards  the  range  or  oscillations  of  the  several  gauges,  in  the  space 
of  one  experiment,  during  this  series,  it  was : 
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In  head-gauge  No.  1,  seldom  so  much  as 0.05  feet. 

"         "         "    2,         "         "         "      0.05     " 

In  the  depression-gauge,  "         "         "      0.11     " 

In  the  vacuum  gauge        "         "         "      ,  .0.30  to  0.50     " 

as  a  result  of  i-minute  readings,  and  with  no  attempt  to  record  abso- 
lute maxima  and  minima. 

The  quantity  of  water  discharged  must  have  been  very  nearly  uni- 
form in  its  flow  per  second. 

I  pass  now  to  a  brief  discussion  of  the  results  as  found  in  Tables 
No.  1  and  2. 

As  a  measure  of  comparison  of  the  uniformity  of  the  results  found 
with  the  two  Venturi  meters  experimented  on  in  June  and  in  October, 
1887,  I  suggest  the  range  of  co-efficients  known  to  exist  in  case  of  the 
weir,  or  of  a  simple  orifice.     The  weir  has  hitherto  been  regarded  as  a 
standard  method  of  gauging  water;  yet  every  one  who  has  practiced 
with  it  knows  how  carefully  all  its  dimensions  must  be  proportioned, 
and  the  water  led  to  it,  in  order  that  it  may  give  truthful  or  accurate 
results.  The  range  of  the  co-efficients  entering  into  any  proposed  formula 
for  the  discharge  over  a  weir,  can  be  and  has  been  limited  by  limiting 
the  general  and  proportional  dimensions  of  the  apparatus  and  water 
depths  to  which  the  formula  was  to  be  applicable.     And  the  most  posi- 
tive results  are  undoubtedly  found  by  taking  such  a  limited  formula, 
constructing  the  weir  or  other  apparatus  in  accordance  with  the  dictates 
of  the  experiments  on  which  it  was  founded,  and  then,  piactically,  by 
repeating  the  experiments,  repeating  the  attainment  of  the  original  re- 
sults.    And  wherever  this  can  be  done  with  a  weir,  the  method  of  the 
experiments  made  at  Lowell  by  James  B.   Francis,   and  the  formula 
based  upon  them  will,  no  doubt,  long  remain  the  standard  method  and 
formula  for  weir  measurements.     But  without  such  close  limitation  and 
imitation,  or  taking  depths  upon  the  weir  ranging  only  from  0.3  to  2.0 
feet,  and  taking  weirs  both  with  and  without  end-contractions,  the  co- 
efficient varies  from  .660  to  .580  (see  Plate  VII,  Hamilton  Smith's  "Hy- 
draulics"), or  12  per  cent. 

Taking  only  Aveirs  without  end -contractions,  the  range  is  from  .660 
to  .614,  or  about  7  per  cent.  In  case  of  the  1  foot  Venturi  meter,  and 
velocities  through  the  venturi,  ranging  from  5  to  50  feet  i:)er  second, 
this  range  of  co-efficient  was  6.5  per  cent. ;  in  case  of  the  9-foot  Venturi 
meter,  and  velocities  through  the  venturi,  ranging  from  5  to  36  feet  per 
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second,  it  was  3.3  per  cent.  But  better  than  this  is  the  fact  that  the  two 
meters,  though  differing  so  much  in  their  size  and  structure,  showed  a 
total  combined  range  of  co-efficient  no  greater  than  the  smaller  one  alone, 
or  only  6.5  per  cent.  Taking  the  co-efficients  based  on  B^' ,  being  those 
con-ected  for  velocity  of  approach,  and  using  that  simplest  of  all  hy- 
draulic formula,  ?:  =  V  'Ig  H^' . 

Though  the  areas  of  discharge  were  as  81  to  1,  and  the  interior  frac- 
tional surfaces  were  widelv  different,  the  resultant  co-efficients  are  at  ex- 
treme  points  only  6.5  per  cent,  apart;  and  the  deviation  of  any  single 
experiment  from  the  resultant  mean  is  3.0  per  cent,  in  case  of  the  1-foot 
tube,  excluding  the  unreliable  interpolated  results,  and  only  i  per  cent,  in 
case  of  the  9-foot  trunk  for  its  whole  range  of  velocities.*  If  we  compare 
this  to  the  case  of  a  discharge  through  various  orifices,  the  result  is  still 
more  gratifying.  To  the  wearied  sojourner  among  such  tables  of  dis- 
charge— ranging  in  their  co-efficients  from  the  familiar  0.6  or  f,  up  to  the 
mystical  co-efficients  in  the  eighty's  and  ninety's,  said  to  have  been 
found  by  some  one  "  on  large  sluice-gates  in  France"  (and  occasionally 
met  with  in  the  current  practice  of  the  hydraulic  engineer) — a  consist- 
ency in  co-efficients  as  above  found  for  the  hydraulic  apparatus  herein 
described,  is  indeed  refreshing.  "We  appear  to  have  here,  at  last,  an 
apparatus  for  gauging  liquids  which  may  range  in  its  dimensions,  its 
materials  of  construction  and  iu  manner  of  use,  so  as  to  cover  all  ordi- 
nary pi-aetice,  and  yet  have  only  6.5  per  cent,  of  range  of  co-efficient,  at 
the  same  time  requiring  only  the  simplest  of  observations  and  of  formu- 
las to  work  with.  Or  by  limiting  the  use  of  the  meter  to  velocities 
greater  than  9  feet  per  second  through  the  venturi,  being  about  1  foot 
per  second  through  the  pipe  thereto  appurtenant,  all  the  ranges  of  va- 

» 

riations  above  given  become  materially  less. 

I  said  above  that  Ave  "appear"  to  have  such  an  ajsparatus,  or,  to 
comjjletely  express  the  underlying  thought,  we  a^ipear  to  have  it  in  the 
light  of  the  only  two  sets  of  experiments  yet  made,  so  far  as  I  know, 
w'ith  a  Venturi  meter  set  in  line  of  a  pipe.  But  further  experiment  will 
be  needed  to  confirm  or  upset  such  a  conclusion,  and  one  object  of  the 
i:)resent  paper  is  to  invite  such  further  experiments. f 

*  See  Plate  XXXIX,  showius  plotted  results. 

t  While  this  paper  is  being  written  I  am  iu  receipt  of  the  October  number  of  the  Jour- 
nal of  the  Association  of  Engineering  Societies,  which  gives  the  results  of  experiments  upon 
similar  forms  of  cTiscbart,'p,  but  discharging  from  a  tank,  and  through  an  orifice  of  only 
about  O.oy  feet  in  diameter,  and  in  which  the  same  co-effieiout  is  likewise  found  nearly  equal 
to  1. 
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The  reason,  I  will  suggest,  why  the  co-efficients  belonging  to  this 
form  of  gauging  apparatus  are  so  nearly  uniform,  is  largely  on  accoimt 
of  the  close  similarity  between  the  conditions  assumed  by  theory  and 
those  found  in  actual  practice,  regarding  now  tlie  state  of  the  liquid  as 
it  passes  through  the  venturi.  Here,  if  anywhere,  water  may  be  sup- 
posed to  flow  as  though  composed  of  the  traditional  "filaments"  of  the 
school-books;  while  the  bubblings  of  a  boiling,  seething  caldron  are 
but  little  more  violent  and  irregular  than  the  motions  of  the  alleged 
"threads"  of  water,  as  we  find  that  water  in  ordinary  practice,  and  as 
it  flows  in  canals  or  even  in  the  ordinary  line  of  pipes,  or  in  tubes. 

Still  the  co-efficient  is  not  the  same  for  all  velocities;  it  is  less  for 
higher  velocities  than  it  is  for  lower  ones  in  the  October  experiments 
while  the  reverse  holds  true  in  the  June  experiments;  the  meter  does 
not  appear  to  be  applicable  for  velocities  below  5  feet  per  second* 
through  the  Venturi,  or  of  about  i  foot  per  second  through  the  pipe  in 
which  it  is  placed;  and  the  co-efficent  is  not  equal  to  one,  except  in  one 
instance. 

The  difference  between  the  equation  giving  the  locus  of  the  co-effi- 
cients as  applicable  to  the  9-foot  trunk  and  to  the  1-foot  tube,  may  be 
due  to  difference  in  asperity  of  their  interior  surfaces;  some  of  it  may 
possibly  be  due  to  the  shortening  of  the  9- foot  cone?,  caui-ed  by  the 
trunk  measuring  only  8.7  feet  high  instead  of  9  feet  as  supposed. 

Part  of  the  deficiency  from  the  value  1.  may  be  due  to  defective 
giiidance  of  the  water  as  it  ai:)proaches  the  venturi.  It  would  have  been 
l)etter,  no  doubt,  to  have  rounded  off  the  angle  with  which  the  up- 
stream end  of  the  smaller  cone  meets  the  up-stream  pipe  or  trimk; 
better  still,  to  have  made  that  portion  of  the  meter  up-stream  from  the 
venturi  of  a  form  which  would  be  generated  by  the  revolution  about 
the  central  axis  of  an  ogee  curve.  In  the  case  of  the  discharge  from 
an  open  canal  or  from  a  tank,  this  portion  of  the  meter  could  be  sup- 
pressed entirely,  and  in  its  stead  be  placed  only  a  mouth-i)iece,  having 
the  form  of  the  contracted  vein  to  feed  the  venturi;  with  a  head-guage 
reading  directly  the  water-level  in  the  tank  or  canal. 

It  is  also  an  interesting  question  whether  the  vacuum-gauge  is  indica- 


*  For  the  case  of  «  =  0,  Hv  is  also  =  0,  and  tbe  co-efficient  becomes  =  —  which  may 
be  any  assignable  quantity. 

This  justifies  the  curiously  diverging  form  of  the  curves  of  co-efficients  for  the  two 
Venturi  meters,  as  shown  on  the  diagram. 
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tive  of  the  mean  velocity,  or  of  the  velocity  of  the  exterior  filaments  of 
the  body  of  water  passing  through  the  venturi,  or  of  both,  ami  what  is 
the  precise  meaning  of  the  readings  of  this  and  other  piezometers 
tapped  into  pi^jes  of  flowing  water.  In  our  present  very  imperfect 
knowledge  of  the  action  and  precise  meaning  of  the  indications  of  such 
piezometric  columns,  especially  when  applied  to  tubes,  but  little  can 
be  positively  affirmed  about  them.* 

Loss  of  head  is  still  the  only  difficulty  to  contend  against  in  the 
practical  application  of  the  meter  for  mill  jjurposes.  For  purposes  of 
metering  a  city,  or  domestic  water  sujiply,  or  water  used  for  purposes 
other  than  power  in  mills,  this  loss  is  insignificant.  In  the  other  case 
named,  and  for  a  9-foot  trunk,  it  would  be  about  1  foot,  when  the  mean 
velocity  through  the  trunk  was  2.7  feet,  and  +  foot  for  a  velocity  of  about 
1.9  feet.  If  the  circumstances  are  such  that  this  loss  of  head  is  not  per- 
missible, or  cannot  be  paid  for  by  the  delivery  of  enough  more  water  to 
yield  to  the  consumer  an  equivalent  amount  of  power,  then  this  meter 
cannot  be  used  in  a  form  that  would  make  it  continuously  the  sole  out- 
let or  inlet  of  the  water  to  be  metered.  It  could  be  applied  in  those 
•cases  either  at  the  inlet  or  outlet,  in  the  penstock  or  in  the  tail-race,  but 
would  have  to  be  provided  with  some  form  of  byepass  to  be  kept  open 
at  all  those  times  when  the  operation  of  metering  the  water  was  not 
actually  going  on.  This  could  be  readily  done  in  the  case  of  an  open 
feeder  or  of  most  any  tail-race,  and  as  the  operation  of  metering  need 
require  so  little  time,  barely  five  or  ten  minutes,  there  could  hardly  be 
any  objection  made  by  the  consumer  to  this  plan  of  measuring  water. 
It  i^robably  need  not  be  pointed  out  that  the  whole  ajiparatus  could 
literally  be  submerged,  or  covered  with  water,  and  yet  be  conveniently 
used  and  act  as  it  ought  to,  so  long  as  it  aflbrded  the  only  outlet  from 
one  body  of  water  to  another,  and  that  its  advantages  in  freedom  from 
any  moving  parts,  and  from  liability  to  be  stopped  up  or  put  out  of 
order  by  floating  substance  or  by  ice,  are  very  great. 

Writing  so  soon,  only  a  few  weeks  after  the  close  of  the  second  set  of 
experiments,  I  do  not  very  likely  allude  to  all  the  capabilities  of  the 
meter,  and  have  hardly  broached  the  interesting  subject  of  the  theory  of 


*  For  a  discussion  of  the  subject,  brought  down*  to  the  present  day,  see  Hamilton 
Smith's  "Hydraulics,"  London  and  New  York,  ISyti.  Mr.  Hiraui  F.  Mills  has  investigated 
the  case  of  piezometers  connecting  with  an  open  trough  or  conduit.  See  Vol.  VI,  1879. 
Proceedings  of  the  American  Academy  of  Arts  and  Sciences. 
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the  instrument.  It  seems  to  me  tliat  it  may  in  many  instances  replace 
the  use  of  a  weir,  being  easier  applied  and  equally  or  more  accurate, 
and  it  can  be  used  where  a  weir  is  entirely  inapplicable. 

To  sum  up  the  matter,  I  will  only  submit  to  my  associates  in  the 
profession  that  there  is  the  promise  of  a  great  and  varied  usefulness  in 
the  Venturi  meter.  And  while  I  have  applied  for  a  patent  on  it,  in  the 
United  States,  mainly  as  a  protection  in  the  use  of  it  by  the  Holyoke 
Water-Power  ComiJany  and  by  myself,  I  shall  be  pleased  to  give  a 
limited  license  to  use,  in  case  a  patent  is  granted,  to  any  one  who  will 
make  and  communicate  to  me  the  results  of  further  accurate  exj)eri- 
ments  made  with  it,  in  the  general  planning  or  arranging  of  which,  I 
hope  to  be  allowed  to  make  some  suggestions. 


Mr.  Clemens  Heeschel  (In  reply  to  questions  asked  at  the  time  of 
reading  the  paper). — The  questions  asked,  following  the  reading  of  the 
paper  on  the  Venturi  water  meter,  have  been  very  instructive  to  the 
author  of  the  paper.  They  have  shown,  for  one  thing,  that  the  immedi- 
ate interest  of  the  Members  is  more  eagerly  turned  in  search  of  an 
account  of  the  practical  working  apparatus  and  of  directions  for  its  use, 
'■han  it  is  towards  an  account  of  the  i^rinciples  upon  which  the  apjjara- 
s  works,  together  with  a  precise  and  detailed  record  of  experiments 
substantiating  the  claim  of  such  working.  Both  forms  of  information 
have,  however,  their  value,  each  in  its  own  time  and  place,  and  each 
supplements  the  other.  In  its  completed  form,  the  Venturi  meter  is  an 
instrument  to  gauge  the  quantity  of  water  flowing  in  a  pipe,  by  meas- 
urement of  an  abrupt,  artificially  produced  depression  in  the  hydraulic 
gradient.  To  explain  more  particularly,  suppose  a  pipe  full  of  water, 
the  water  in  a  state  of  rest.  Piezometers  placed  on  a  such  a  pipe,  will 
have  the  water  stand  in  them  at  points  situated  all  on  one  level. 

In  Plate  XL,  sujjpose  PP  to  be  such  a  pipe,  at  one  time  "sub- 
merged," or  under  a  head,  to  the  extent  1  P,  and  again,  only  to  the  ex- 
tent n  P.  Next,  suppose  the  water  to  take  any  velocity  through  the  pipe 
(no  meter  being  yet  supposed  inserted)  sufficient  to  cause  the  water  in  the 
piezometers  to  stand  on  the  line  22  and  bb,  respectively,  according  as  the 
amount  of  submergence  was  originally  1  P  or  a  P.  This  line  22,  or  bb, 
is  what  I  have  called  the  "  hydraulic  gradient. "  Next,  suppose  the  meter 
inserted  in  the  pipe;  upon  which,  the  water  level  at  the  up-stream  piezo- 
meter will  remain  at  2,  but  at  the  jsiezometer  which  is  set  on  the  ven- 
turi, the  water  level  or  hydraulic  gradient  will  drop  to  3,  then  rise  again, 
at  the  end  of  the  meter,  up  to  within  a  small  distance  below  its  former 
position  (this  distance  representing  the  "  loss  of  head  "  due  the  whole 
pparatus),  then  will  run  parallel  to  its  former  position,  as  shown  at  3 
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on  the  down-stream  piezometers.  The  experiments  have  shown  that  the 
velocity  of  the  water,  or  the  discharge  through  the  narrowest  section  of 
the  meter  through  the  "  venturi,"  is  that  due  the  head  on  the  venturi 
(as  represented  by  the  difference  in  level  of  tAvo  points  in  the 
"  hydraulic  gradient,"  one  taken  just  above  the  meter  and  the  other  at 
the  venturi),  with  a  co-efficient,  which  is  remarkably  constant,  whether 
applied  to  a  rough  meter  and  for  a  9-foot  pipe,  or  to  a  smooth  one  for  a 
1-ioot  pipe,  and  for  all  velocities  through  the  pipe  ranging  from  i  to  6 
feet  pev  second.  If  this  co-efficient  is  taken  without  further  measure- 
ment at  98  jDer  cent.,  we  may  be  certain  from  experiments  so  far  made 
that  we  shall  rarely  be  over  2  per  cent,  out  of  the  way.  Going  back  a 
little,  let  us  take  now  the  other  case  of  submergence,  originally  repre- 
sented by  the  hydraulic  gradients  aa  and  bb.  It  is  plain  that  the  Avater 
level  in  the  piezometer  which  is  set  on  the  venturi  cannot  fall  below  the 
surface  of  the  stream  sjiouting  through  the  venturi. 

But  so  much  of  the  "  depression  "  in  the  hydraulic  gradient  at  this 
point  due  the  velocity  of  the  water,  which  lies  below  the  surface  of  the 
stream  just  named,  will  be  indicated  or  exhibited  by  the  sucking  action 
or  aspiration  or  "vacuum'"  spoken  of  in  the  paper;  and  in  measures  of  a 
column  of  water  lifted,  will  exactly  equal  that  portion  of  the  "depres- 
sion," as  shown  in  Plate  XL  (or  as  it  may  be  computed),  which  lies  below 
the  surface  of  the  stream  spouting  through  the  venturi.  In  Plate  XL 
it  is  equal  to  the  distance  v  c,  indicated  by  the  reference  marks. 

This  is  the  case  in  which  some  form  of  vacuum-gauge  is  necessary  at 
the  venturi,  when  separate  gauges  are  used  at  the  up-stream  piezometer 
and  at  the  venturi,  as  was  done  during  the  experiments  related  in  the 
paper.  No  such  complication  is  necessary,  however,  in  practice.  As 
the  measure  sought  is  the  diii'erence  of  pressure  immediately  above  the 
meter  and  at  the  venturi,  a  single  pressure-gauge  suffices.  The  logical 
possibilities,  depending  on  the  degree  of  submergence  of,  and  velocity 
through  the  pipe,  are  three,  and  are  exhibited  by  the  table: 


Above  the  Meter. 

At  the  Venturi. 

1 

2 
3 

Pressure. 
Pressure. 
Vacuum. 

Pressure. 
Vacuum. 
Vacuum. 

But  in  any  event  there  will  be  a  "  head  on  the  venturi,"  or,  what  is 
the  same  thing,  Column  1  minus  Column  2  of  the  tabular  quantities 
Avill  always  be  jiositive,  and  will  indicate  pressure,  and  may  be  measured 
by  a  single-pressure  gauge. 

The  most  accurate  form  of  pressure-gauge  suitable  for  this  purpose 
Avill  be  a  simple  "  manometer  tube  "  or  "  U-g&nge." 
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Two  small  pipes  would  be  connected  witli  the  meter  (one  entering 
the  water  pipe  just  above  the  meter  proper,  the  other  attached  to  the 
venturi),  the  other  ends  of  these  jjipes  to  be  connected  with  the  two  arms 
of  the  P-gauge;  upon  which,  the  quantity  passing,  in  cubic  feet  per 
second,  or  iu  any  other  measure,  could  be  read  off  directly  on  the  scale 
attached.  By  making  the  connecting  pipes  of  amj^le  size,  the  gauge 
-could  be  placed  1  000  feet,  or  more  if  need  be,  from  the  meter.  The 
only  difference  in  the  gauges  made  to  fit  the  several  sizes  of  meters  would 
be  in  the  scale.  I  believe  this  will  answer  many  of  the  questions  asked 
respecting  the  working  of  the  meter,  and  may  also  make  clearer  the 
l^rinciples  involved. 

The  question  was  asked,  Can  the  accompanying  gauge  be  made  self- 
recording?  And  after  the  exercise  of  a  little  inventive  skill,  I  am  pleased 
to  say  that  I  have  no  doubt  it  can. 

I  have  refrained  from  looking  to  the  construction  of  the  cheap,  but 
not  entirely  reliable  or  accurate  forms  of  pressure-gauge,  to  indicate 
differences  of  pressure,  which  could  be  made  by  using  some  form  of  ap- 
paratus containing  a  piston  or  floats  and  stuffing  boxes,  and  have 
adhered  to  the  ordinary  manometer  mercury  gauge  as  the  apparatus  for 
measuring  the  difference  of  pressure  in  question.  For  the  extreme 
velocity  of  6  feet  per  second  through  the  j^ipe  (54  feet  per  second 
through  the  venturi),  a  length  of  3.5  feet  for  the  mercu.ry  tubes  in  the 
gauge  is  more  than  enough. 

As  regards  the  effect  on  the  pressure-gauges  of  the  surface  and  of  the 
interior  velocities  of  the  stream  passing  through  the  venturi,  I  have  no 
further  speculation  to  offer.  The  difference  between  surface  and  interior 
velocities  must  be  about  as  small  in  the  "wire-drawn  "  stream  of  water 
spouting  through  the  venturi,  with  nine  times  the  average  velocity  that 
the  water  has  in  the  main  jsipe,  as  in  any  known  form  of  hydraulic  ap- 
paratus. 

Answering  question  which  relate  to  the  temj^erature  of  the  water  dur- 
ing the  exjaeriments  recorded  in  the  paper,  I  will  state  that  this  varied 
from  67  to  71  degrees  Fahr.  during  the  Jiine  exjieriments,  with  the 
temperature  of  the  air  in  the  wheel-pit,  and  of  the  water  in  the  tub  of 
the  pressure-gauge,  varying  from  66  to  71  degrees. 

During  the  October  experiments  the  temperature  of  the  water  was 
57-57.5  degrees. 

It  is  undoubtedly  true  that  all  hydraulic  formulas  are  affected  by  the 
temperature  of  the  water,  when  that  temperature  passes  beyond  those 
ordinarily  found  in  running  water;  but  in  ordinarv  practice,  and  with- 
out reference  to  water  artificially  heated,  and  as  it  is  at  times  found  in 
steam  engineering  practice,  no  account  has  ever  been  or  need  be  taken 
of  temperature  that  the  author  knows  of. 

The  formula  used  in  the  computations,  it  will  be  observed,  supposes 
a  discharge  through  an  orifice,  under  pressures  crudely  represented  by 
the  hydraulic  gradient. 
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A  more  scientific  way  would  have  been  to  make  use  of  the  hydraulic 
principle  first  enunciated  by  Dubuat,  but  disputed  by  Navier  and 
others,  that  the  pressure  against  any  point  in  the  walls  of  any  vessel  or 
pipe  is  always  equal  to  that  of  the  contained  fluid,  supposed  to  be  in  a 
state  of  rest,  less  the  height  due  the  velocity  past  that  point. 

Or,  passing  to  algebraic  symbols,  if 
P  be  the  pressure  in  terms  of  the  height  of  a  column  of  water  at  the 

point  P,  Plate  XL,  and 
jPi     "  "  at  the  point  Fof  Plate  XL  ;  if 

V        "      velocity       "  "      P,  and 

v^      "  "  "  "       V;  also 

Ps     "       pressure  if  the  water  be  supposed  to  be  still;  then 

P^Ps-^ 

and  ;'i  -—9  v,  from  the  construction  of  the  meter. 
Subtracting  the  e(|uations,  we  have: 

P^P  -^_^_iO!ii! 

^'      2r/       2^-812^ 
But  P  —  Pi  is  what  we  have  called  Hv,  the  "  head  on  the  ventiiri. "   Or- 
^'l  =:  the  velocitv  through  the  venturi, 


4 


-^V'^g  Hi>^  1.0062  V'2  g  Hv; 


where  the  first  supposition  has  supposed  t'l  =  y  2  g  Hv,  abstracting  in 
both  instances  from  the  co-efficients  for  actual  use,  which  experiment 
alone  can  supply. 


J. 


1 
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STRUCTURES. 


A  Discussion  at  the  Annual  Convention,  July  2d-8th,  1887. 

By  John  A.  Wilson,  Will.\rd  S.  Pope,  Geokge  H.  Pegram,  G.  Bous- 
CAREN,  W.  S.  Lincoln,  Joseph  M.  Wilson,  Jajies  G.  Dagron,  J.  A. 
L.  Waddell,  Edward  S.  Philbrick,  A.  Bkyson,  Robert  A.  Shailer, 
W.  A.  Haven,  John  M.  Goodwin,  Albert  Lucius,  E.  P.  Dawlet, 
C.  A.  Marshall,  D.  J.  Whittemore,  Theodore  Cooper,  H. 
Stanley  Goodwin,  A.  M.  Wellington,  Percival  Roberts,  Jr., 
C.  C.  Schneider,  C.  Frank  Allen,  John  Bogart,  Frederic  Gr.aff, 
Robert  I.  Sloan,  J.  Foster  Flagg,  J.  J.  R.  Croes,  William  Kent, 
Robert  Moore  and  William  J.  McAlpine. 


At  the  request  of  a  uumber  of  members  of  tlie  Society,  a  Discussion 
upon  tlie  Inspection  and  Maintenance  of  Railway  Structures  was  an- 
nounced for  the  Convention  of  1887.  A  circular  was  prepared  and 
issued,  embodying  a  number  of  suggestions  that  had  been  made  on  the 
subject,  and  a  request  was  made  for  discussion  upon  these  and  such 
other  points  as  might  occur  to  the  members  taking  part  in  the  discus- 
sion.    The  suggestions  were  as  follows: 

First. — What  measures,  legal  or  other,  can  be  taken  to  insure  a 
proper  inspection  of  railway  bridges? 

Second. — What  is  proper  bridge  inspection? 
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TI/ in  I.— Should  there  not  be  a  standavd  sijecified  rolling  load  mncb 
heavier  than  as  now  generally  iisad,  and  a  specified  engine  wheel  base 
for  rolling  loads?    ' 

Fourth. — Is  it  not  expedient  to  adopt  a  standard  bridge  floor? 

Fiflh. — Should  not  bridges  of  small  sjiau  lie  made  strong  enough  for 
a  buckle-plate  floor  and  a  continuous  coat  of  ballast  on  the  bridge,  and 
if  so,  uj)  to  what  span  shoiild  this  apply? 

Si.ctJi. — Should  not  a  safety  guard  (Latimer),  be  used  at  all  openings 
over  a  certain  width? 

SereittJi. — Should  there  not  be  required  either  overhead  crossings, 
or,  in  their  place,  interlocking  apparatus  with  derailing  switches? 

Eifjhth. — Is  legislation  as  to  any  of  these  points,  or  as  to  any  others 
you  may  suggest,  exi^edient,  and  if  so,  what  sort  of  legislation? 

Ninth. — In  this  connection  the  experience  of  the  Master  Car  Builders' 
Association  has  been  referred  to,  which  it  is  stated,  has  proved  that  the 
action  of  large  committees  reporting  to  the  Association,  and  the  adoption 
of  standards  after  ample  discussion,  have  been  found  very  valuable. 

DISCUSSION  BY  LETTERS. 

John  A,  Wilson,  M.  Am.  Soc.  C.  E. — I  have  just  received  the  circular 
relative  to  the  maintenance  and  inspection  of  railway  structures. 
The  time  is  so  short  that  I  am  not  able  to  give  this  imjiortant  subject  the 
thought  which  it  deserves  and  requires,  and  can  only  touch  briefly  on 
some  of  the  points  of  inquiry. 

Question  2. — Assuming  that  reference  is  intended  to  bridges  already 
in  use,  and  not  to  new  bridges  to  be  built,  I  understand  by  proper 
bridge  insiaection,  such  examinations  and  oversight  of  a  bridge  by  com- 
petent parties,  as  will  insure  the  immediate  detection  of  any  defect  or 
signs  of  failure  or  disarrangement  of  any  of  the  parts  of  the  structure, 
so  that  the  condition  of  the  structure  may  be  positively  known  at  all 
times. 

Take  a  railroad  bridge  Avhich  has  been  properly  designed  and  con- 
structed. The  bridge  engineer  having  it  in  charge  should  have  in  his 
office  full  detailed  plans  of  the  structure,  with  strain  sheets  and  calcula- 
tions, and  should  know  just  what  load  the  bridge  will  carry  with  safety. 
He  should  personally  make  a  critical  examination  of  the  structure  at 
least  once  a  year,  and  oftener  if  his  judgment  indicates  it  to  be  neces- 
sary, and  should  hold  himself  in  readiness  to  make  a  special  examina- 
tion at  any  tiiiie.  He  should  keep  a  record  of  his  observations,  and  of 
the  reports  made  to  him  by  his  subordinates.  A  competent  master  car- 
penter or  foreman  of  bridges  should  keep  himself  thoroughly  j)osted  as 
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to  the  condition  of  the  structure,  examining  it  once  a  month  or  oftener 
if  necessary,  and  report  in  detail  to  the  engineer.  The  road  foreman  or 
watchman  shoukl  make  a  daily  examination,  and  any  defects  that  he 
may  discover  should  bo  promptly  reported  to  the  master  carpenter. 
When  the  engineer  makes  his  examinations  he  should  have  the  master 
carpenter  and  watchman  or  road  foreman  with  him,  confer  freely  with 
them  on  practical  points,  and  see  that  they  clearly  understand  their 
duties,  what  to  look  out  for,  and  how  to  report.  By  this  system  the 
structure  is  under  constant  surveillance,  and  any  defect  should  be  de- 
tected immediately. 

Where  bridges  have  been  erected  and  used  for  a  considerable  time 
without  any  oversight,  considerable  labor  is  involved  in  puttiug  into 
operation  a  proper  system  of  inspection.  The  bridges  should  be  meas- 
ured, examined  and  calculated,  and  full  plans  made,  so  that  the  engineer 
may  have  in  his  office  exact  information  on  which  to  liase  his  oper- 
ations.    Withoixt  this,  there  can  be  no  certainty  about  his  work. 

It  is  assumed  as  a  matter  of  course,  that  when  defects  have  been  dis- 
covered the  proper  remedy  will  be  applied. 

In  this  connection  it  may  not  be  out  of  place  for  me  to  say,  that 
while  we  have  in  this  country  good  bridging  concerns  who  employ  com- 
petent engineers,  and  turn  out  only  first-class  work,  there  are  undoubt- 
edly others  which  need  the  closest  professional  oversight,  from  the  very 
commencement,  to  secure  good  designs,  good  material  and  good  work- 
manship. The  business  of  bridge  building  is  free  to  all;  the  majority 
of  people  know  nothing  about  it;  they  are  told  they  shall  have  a  good 
bridge,  and  when  a  bridge  is  finished  and  handsomely  painted  they 
assume  that  it  is  all  right,  while  it  may  have  the  most  glaring  defects, 
and  contain  within  itself  the  elements  of  speedy  destruction.  Much  of 
the  trouble  with  bridges  in  this  country  is  due  to  original  defects  of 
design,  material  or  workmanship,  which  no  system  of  insi^ection  can 
remedy,  but  can  only  point  out.  It  would  therefore  seem  as  if  inspec- 
tion, to  be  complete,  should  include  new  bridges  about  to  be  constructed 
as  well  as  those  already  existing. 

Further,  it  should  be  noted  that  the  designing  engineers  of  bridges 
deal  mostly  with  new  structures  which  may  be  all  right  when  erected, 
but  may  be  put  to  uses  for  which  they  never  were  intended,  and  at  best, 
will  wear  out  in  time  like  anything  else.  The  maintenance  of  such 
structures  under  use  is  a  business  in  itself,  which  can  be  learned  only  by 
practical  experience.  It  is  a  business  which  the  engineer  who  only  1  )uikls 
bridges,  and  has  no  care  of  or  responsibility  for  them  afterwards,  knows 
little  about,  whence  the  necessity  for  the  "  engineer  of  maintenance  for 
bridges." 

It  is  such  an  "  engineer,"  in  my  judgment,  that  should  have  charge 
of  the  duties  described  above.  He  should  not  only  watch  the  structure 
and  discover  its  defects  from  time  to  time,  but  be  able  intelligently  to 
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api^ly  the  necessary  remedy,  aud  no  small  part  of  his  duty  "will  be  to  see 
that  loads  are  not  plac-ed  on  the  stnictnre  which  it  never  was  intended  it 
should  carry. 

Question  .3. — It  would  be  difficult  to  establish  an  absolute  standard 
of  rolling  load  for  the  whole  country,  as  the  reiiuirements  and  character 
of  traffic  vary  on  different  railroads.  Each  railroad  should  establish  for 
its  own  line  a  standard  high  enough  to  cover  all  contingencies,  have  the 
bridges  conform  thereto,  and  then  make  it  a  rule  not  to  put  more 
work  on  bridges  than  they  are  calculated  for.  The  general  ten- 
dency all  over  the  country  among  transiDortation  men,  is,  to  increase 
the  weight  and  dimensions  of  their  rolling  stock.  They  should  establish 
:a  reasonable  limit  to  which  the  engineer  can  work.  The  through 
Ijridges  aud  tunnels  now  existing  are  the  only  things  which  control  the 
-height  and  width  of  passenger  cars. 

Question  4. — It  would  certainly  be  well  to  decide  on  the  best  design 
of  bridge  floor,  and  have  it  brought  into  general  use  throughout  the 
country. 

Question  5. — I  am  not  prepared  to  answer  this  question.  There 
are  some  practical  difficulties  in  the  way  of  adopting  such  a  plan 
generally. 

Question  6. — It  is  very  desirable  to  use  a  safety  guard  on  bridges 
wherever  practicable. 

Question  7. — My  views  on  this  subject  are  best  expressed  by  the 
following  extract  from  the  evidence  which  I  gave  in  a  grade-crossing  law- 
suit in  1882. 

"Grade  crossings  of  railroads  are  very  numerous  in  this  country. 
When  the  country  was  new  and  traffic  light,  railroads  were  projected  for 
local  business,  and  necessarily  had  to  be  constructed  at  minimum  ex- 
pense, and  grade  crossings  of  different  lines  were  allowed  without  much 
consideration.  As  the  railroad  system  of  the  country  has  become  ex- 
tended, traffic  aud  the  speed  of  trains  have  increased,  and  the  conditions 
of  the  problem  have  changed.  The  evil  etl'ects  of  grade  crossings  on 
leading  lines  have  thus  become  more  apparent,  and  while  it  is  often 
difficult  to  change  the  location  of  a  road  after  it  has  been  in  oi^eration 
for  years,  and  all  the  surroundings  have  accommodated  themselves  to 
the  existing  conditions,  there  is  a  growing  feeling  in  the  country  in 
favor  of  a  separation  of  grades — it  is  being  done  in  some  cases  on  exist- 
ing roads  at  heavy  expense,  and  there  is  a  very  decided  aver.sion  on  the 
part  of  railroad  managers  to  extend  or  repeat  ^the  evil  in  new  con- 
struction. 

The  objections  to  a  grade  crossing  of  one  railroad  by  another  may  be 
summed  up  under  three  general  heads : 

First. — Danger  to  life  and  property. 

Se.ron<L — Delays  to  traffic. 
Third. — Expense  of  operating. 


I  ■ 

I 
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I. — Danger  to  Life  and  Peopertt. 

This  item  cannot  be  entirely  eliminated  under  any  system  of  man- 
agement. With  the  arrangement  of  signals  now  in  use  comparative 
safety  can  be  secured — and  it  is  undoubtedly  a  fact  that  grade  crossings 
on  important  lines  are  successfully  worked.  Still  there  is  left  a  per- 
centage of  danger— due  principally  to  carelessness  of  employees  or 
neglect  to  observe  the  riiles;  breakage  of  machinery  about  engines  or 
cars  on  approaching  a  crossing,  rendering  it  impossible  to  control  the 
train;  or  error  of  judgment  on  the  part  of  enginemen  in  aj^i^roaching 
crossings  under  too  much  headway  in  bad  weather  with  sli^jpery 
rails,  etc. 

II. — Delays  to  Traffic. 

It  may  be  assumed  as  a  general  principle  that  the  more  efficient  the 
signal  system  and  the  nearer  the  approach  to  absolute  safety  in  the 
operation  of  a  grade  crossing,  the  more  will  be  the  delay  to  traffic.  The 
amount  of  delay  at  any  given  place  will  depend  largely  on  local  circum- 
stances and  conditions,  but  it  is  nevertheless  true  that  on  any  important 
line  a  g.ade  crossing  by  another  road  must  cause  more  or  less  delay, 
require  a  great  amount  of  watchfulness,  and  be  a  constant  source  of 
anxiety  to  the  officers  and  employees  oiaerating  the  road. 

III. — Expense. 
This  item  may  be  separated  into  two  parts: 

A.  Those  items  which  can  be  estimated  in  money,  viz:  Cost  of 
crossing-plates  and  maintenance  of  the  same.  Cost  of  signal 
tower,  etc.,  and  maintenance  of  the  same.  Wages  of  emyloyees 
to  manage  signals,  etc.,  with  expenses  for  fuel,  lights,  etc. 

B.  Those  items  which,  while  appreciable,  cannot  be  estimated  in 
money,  viz:  Possible  losses  to  life,  limb,  or  property  by  accident. 
Yalue  of  time  that  might  be  lost  by  trains  detained  at  crossing, 
and  cost  of  stopping  and  starting  trains,  extra  fuel  consimed, 
etc.  Increase  in  genei-al  operating  expenses  of  road.  Injury 
to  rolling  stock  at  crossing  places. 

A  separation  of  grades  should  be  had  Avherever  it  is  practicable.  If 
a  grade  crossing  of  one  road  by  another  cannot  be  avoided  then  every 
known  safeguard,  such  as  signals  and  interlocking  ajiparatus  with 
derailing  switches  should  be  provided. 

Questions  1  and  8. — The  general  tendency  in  this  counlry  has  been 
not  to  control  the  details  of  railroad  management  by  legislative  enact- 
ments, but  to  leave  the  railroads  free  to  make  their  own  regulations, 
holding  them  pecuniarily  responsible  for  the  results,  it  being  supposed 
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that  st'lf-iuterest  will  properly  regulate  the  matter.  For  many  reasons 
it  is  desirable  to  follow  this  policy,  but  if  the  desired  results  are  not 
obtained  in  this  way,  it  may  become  necessary  to  establish  legislative 
control.  It  is  an  intricate  subject  which  would  require  careful  study 
and  elaboration,  and  cannot  be  hastily  covered  in  a  paper  like  this. 
Any  legislative  enactment  ou  this  suliject  should  be  had  only  after  fiill 
discussion  and  consultation  with  the  leading  engineers  and  railroad 
men  of  the  country.  If  a  few  of  the  leading  railroad  companies  of  the 
country  would  introduce  a  thorough  and  eftective  system  of  bridge  in- 
spection, recognizing  the  importaute  and  necessity  for  separating  the 
professional  oversight  of  bridge  work  from  its  mechanical  execution  by 
contractors  &ud  bridge-building  companies,  the  manifest  advantage 
would  soon  be  recognized,  and  public  ojDinion  would  force  the  general 
adoption  of  the  system. 

The  subject  of  grade  crossings  of  railroads  is  one  which,  perliai:)S, 
more  properly  could  be  and  should  be  regulated  by  law".  Some  of  the 
States  have  laws  on  this  subject,  but  they  are  generally  crude,  in- 
definite, and  subject  to  local  contingencies  for  their  operation.  In 
New  York,  a  crossing  of  one  road  by  another  is  examined  into  and 
decided  on  by  a  commission  of  three,  one  of  whom  must  be  a  ci^il 
engineer.  This  commission  decides  whether  the  crossing  shall  be  over, 
under  or  at  grade.  In  Massachusetts,  the  subject  is  under  the  control 
of  the  railroad  commissioners,  who  must  give  their  consent  before  a 
grade  crossing  can  be  made.  In  Pennsylvania  the  matter  is  in  e;|uity 
proceeding  before  the  county  court,  and  the  act  of  Assembly  says: 
"  And  if  in  the  judgment  of  such  court  it  is  reasonably  practicable  to 
avoid  a  grade  crossing,  they  shall  by  their  process  prevent  a  crossing 
at  grade."  The  practical  effect  of  this  act,  is,  a  long  trial,  a  lot  of  ex- 
pert evidence  both  ways,  and  in  the  majority  of  cases  a  decision  by  the 
court  that  "  it  is  not  reasonably  practicable  to  otherwise  construct  the 
crossing."  It  would  be  well  if  a  definite  policy  in  this  matter  could  be 
adopted,  with  more  uniformity  in  the  laws  of  the  several  States. 


WiLLAKD  S.  Pope,  M.  Am.  Soc.  C.  E. — Governmental  Supervision 
of  Bridges.— It  is  probably  generally  believed  that  the  State  should 
exercise  some  intelligent  and  efiicient  supervision  over  all  bridges 
within  its  domain.  So  far  as  is  fairly  jjossible  the  lives  and  property 
of  its  citizens  should  be  safe  while  crossing  such  structures.  An  acci- 
dent which  might  have  been  prevented  by  reasonable  precaution  be- 
comes a  crime. 

It  might  be  supposed  that  an  enlightened  self-interest  would  be  a 
sufficient  motive  to  insure  good  and  reliable  construction.  AVhen  a 
railroad  bridge  fall'^,  it  costs  the  company  a  good  deal  of  money,  gen- 
erally much  more  than  the  simjile  renewal  of  the  structure,  and  the  same 
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is  true  in  event  of  disaster  to  a  liigliway  or  country  bridge.  And  so  it  woi;ld 
seem  that  self-interest  ought  to  be  an  efficient  safeguard.  And  in  many 
cases  it  is.  But  there  ai'e  far  too  many  instances  in  which  the  persons 
in  authority  do  not  know,  and  are  not  competent  to  judge,  of  the 
strength  and  reliability  of  the  structure,  and  many  times  even  if  they 
are  aware  of  its  weakness,  they  are  inclined,  from  motives  of  false 
economy,  to  trust  it  a  little  longer,  and  to  run  some  risk  in  order  to  delay 
a  needed  expenditure.  And  so  by  one  or  all  of  these  reasons  the  life  and 
property  of  the  public  are  jeopardized.  The  matter  is  a  reasonably  clear 
one  for  the  intervention  of  a  higher  pg^^'er,  and  no  power  is  so  fit  to  un- 
dertake the  responsibility  as  the  Government. 

But  to  act  efficiently  it  must  act  intelligently.  There  is  nothing  mys- 
terious or  bewildei'ingly  occult  about  a  bridge.  To  the  trained  eye  its 
defects,  if  any,  are  jDatent.  But  here,  if  anywhere,  the  trained  eye  is 
essential.  Bridge  wisdom  is  peculiarly  a  specialty.  No  one  is  born 
with  it.  Genius  does  not  leap  to  it,  nor  does  blundering  stumble  upon 
it.  It  comes  only  by  patient  study  and  long  training.  To  pass  judg- 
ment iipon  the  merits  of  a  projjosed  design  for  a  bridge,  or  to  reach  an 
intelligent  idea  of  the  strength  and  trustworthiness  of  a  structure 
already  in  use,  requires  not  only  common  sense  and  sound  business  dis- 
cretion, but  also  technical  skill  and  experience  in  the  details  of  that 
particular  kind  of  construction,  knowledge  of  the  principles  of  compu- 
tation of  the  magnitudes  and  effects  of  strains,  and  information  as  to  the 
strength  and  caiiacity  of  materials.  In  brief,  it  is  essentially  and  ex- 
clusively business  for  a  trained  expert.  Therefore  it  is  apparent  that 
any  control  which  the  State  may  assume  over  bridges  will  be  vain  and 
useless  unless  it  places  the  matter  in  the  right  hands. 

To  secure  this  result  there  should  be,  in  my  judgment,  a  commission 
organized  by  the  State,  to  which  should  be  relegated  this  whole  busi- 
ness. All  bridges  within  the  limits  of  the  State,  whether  for  highway  or 
railway  purposes,  should  be  included  within  its  jurisdiction.  A  critical 
official  examination  should  be  had  annually,  or  as  often  as  might  be 
necessary,  of  all  existing  structures,  and  reports  be  made  thereon  to  the 
authorities  in  charge  thereof,  Avitli  such  recommendations  as  the  re- 
spective cases  might  seem  to  demand.  If  any  structure  should  be  found 
unsafe  and  the  siiggestions  for  repair  or  renewal  were  not  immediately 
and  properly  complied  with,  the  commission  should  have  the  power  to 
order  it  closed  to  travel,  and  the  town  or  comiDany  owning  the  same 
should  be  responsible  in  penal  damages  for  any  accident  or  disaster  that 
might  occur  thereafter.  The  commission  should  prepare  and  publish 
such  general  specifications  as  to  character  and  capacity  of  new  struct- 
ures as  might  be  advisable  under  the  varying  circumstances,  and  no 
bridge  should  be  allowed  to  be  built  except  in  conformity  with  the  re- 
quirements of  those  specifications.  All  plans  of  proposed  new  bridges 
should  be  submitted  to  the  commission,  and  receive  its  formal  written 
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approval  before  work  be  commenced  thereon,  and  all  work  in  progress 
under  such  plans  should  be  subject  to  its  inspection,  both  as  to  quality 
of  material  and  workmanship;  and  no  new  bridge  should  be  opened  for 
pul)lic  use  until  it  had  beeu  examined  and  ajiproved.  Plans  of  all 
bridges  should  be  filed  and  preserved  in  its  office,  and  these  together 
with  all  its  official  proceedings  should  be  always,  under  proper  restric- 
tions, open  to  the  public.  General  designs  might  be  prepared  in  detail 
and  published,  for  spans  of  ordinai'v  length  and  dimension,  which 
could  be  used  to  advantage  in  many  localities.  In  fact  the  operations 
and  2)iiblications  of  the  commission  could  not  fail  to  be  of  great  service 
in  disseminating  among  those  interested,  useful  and  trustworthy  infor- 
mation on  the  general  subject  of  bridge  building.  Highway  commis- 
sioners and  town  supervisors  of  bridges  would  find  such  suggestions 
and  advice  of  great  and  i^ermanent  value.  It  would  prove  a  school  of 
technical  instruction  that  would  certainly  be  of  much  practical  service. 

In  the  above  catalogue  of  the  duties  and  powers  of  the  proposed 
commission  I  would  like  it  distinctly  understood  that  they  are  not  in- 
tended to  iuterefere  with  or  supersede  in  any  way  the  duties  and 
l^owers  of  the  owners  of  bridges,  whether  towns  or  companies.  The 
railroads  and  the  town  authorities  will  continue  to  have  all  the  power 
and  responsibility  that  they  ever  had.-  They  will  build,  maintain  and 
care  for  their  bridges  as  heretofore,  will  inspect,  watch  over  and  repair 
them  as  they  have  always  done.  No  resiaonsibility  will  be  taken  from 
their  shoulders,  and  none  of  their  rights  or  powers  will  be  invaded. 
The  duty  and  authority  of  the  commission  is  simply  to  see  that  the 
bridges  as  bnilt  or  reiDaired  are  safe.  The  operations  of  the  commission 
go  hand  in  hand  with,  and  not  counter  to,  the  0}3erations  of  the  bridge 
owners.  They  are  friends  and  coadjutors,  not  rivals  or  conflicting  au- 
thorities. They  are  to  work  together  for  a  common  end,  and  under 
proper  management,  instead  of  jealousies  and  misunderstandings,  there 
will  come  friendly  and  hearty  co-operation.  All  that  the  commission 
will  demand  and  insist  upon  is  safety,  and  that  it  is  bound  to  have  and 
will  use  all  the  authority  in  its  bauds  to  secure. 

The  commissioner  or  one  of  his  assistants  should  accompany  the 
railroad  engineer  or  the  highway  supervisor  on  his  pei'iodical  tours  of 
inspection,  and  the  needed  repairs  or  renewals  slioukl  be  matter  for  free 
and  frank  consultation.  The  railroad  managers  and  the  county  au- 
thorities should  forward  at  once  to  the  commissioner  copies  of  any  re- 
l^orts  on  the  condition  of  bridges  made  to  them  by  any  of  their  sub- 
ordinates, and,  in  short,  all  parties  concerned  should  and  coiild  work 
together  harmonioiisly  and  etiectively  for  the  common  good.  A  faith- 
ful trial  for  a  year  or  two  Avould,  I  am  sure,  convince  the  most  skeptical 
of  the  utility  and  economy  of  such  a  commission. 

The  commission  should  be  headed  by  a  man  who  is  a  professional 
bridge  engineer   of   well-known   skill,  experience,  tact  and  integrity. 
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Grave  aud  weighty  responsibility  would  devolve  upon  him,  and  ho 
should  have  corresponding  authority.  To  secure  the  greatest  efficiency 
he  should  have  the  entire  and  unlimited  control  of  the  affairs  of  his 
deisartmenf.  He  should  appoint  his  own  assistants  and  subordinates, 
tix  their  salaries  and  regulate  all  the  expenditures  of  the  office.  If  he 
is  worthy  of  being  aj^pointed  he  is  worthy  of  being  trusted,  and  he 
should  be  entirely  untrammeled  and  unhampered  by  political  or  other 
outside  intlueuce.  He  should  be  in  every  respect  a  first-class  man,  the 
best  that  could  be  got,  and  in  his  appointment  nothing  should  be  con- 
sidered except  his  i^re- eminent  fitness  for  the  special  duties  of  that 
S23ecial  position. 

A  man  possessing  such  qualifications  is  not  a  common  one,  nor 
when  found  is  he  a  cheap  one.  The  salary  and  the  term  of  office  should 
be  such  as  would  justify  the  right  man  in  accepting  the  position.  He 
should  receive  at  least  ten  thousand  dollars  per  annum,  aud  the  term  of 
office  should  be  five  years,  subject,  ho^v'ever,  to  dismissal  for  cause  by 
the  Governor. 

The  entire  yearly  cost  of  such  a  commission  for  this  State  (i^ichigau), 
thoroughly  and  actively  administered,  would,  I  suppose,  be  about  forty 
thousand  dollars.  One-half  of  this  oum  should  be  paid  directly  from 
the  State  Treasury,  and  the  other  half  by  the  railroads,  being  divided 
among  them  in  i^roportion  to  their  track  mileage.  If  the  commission 
were  what  it  ought  to  be  I  believe  the  railroads  would  willingly  assume 
this  charge.  The  managers  realize  not  only  the  necessity  of  having 
safe  bridges,  but  also  the  desirability  of  public  confidence  in  their 
safety;  and  surely  the  knowledge  that  such  a  supervision  was  had  by 
disinterested  and  competent  officials  would  tend  largely  to  inspire  such 
piiblic  confidence.  The  cost  would  be  comparatively  small  for  any  one 
of  the  railroads,  and  they  would  thereby  secure  an  additional  and  valu- 
able inspection  and  siipervision.  From  such  a  commission  they  would 
get  help  and  not  hindrance,  co-operation  and  not  annoyance.  The 
commissioner  and  his  assistants  would  be  a  corps  of  active  and  capable 
consulting  engineers,  the  value  of  whose  services  would  be  worth  to  the 
railroads  much  more  than  the  cost. 

If  this  reasoning  is  aj)plicable  to  the  railways,  it  applies  with  much 
more  force  to  the  town  and  county  authoiities  in  their  bridge  work. 
These  officers  are,  tor  the  most  part,  honest  and  intelligent  men,  striving 
to  do  their  duty  to  tlie  best  of  their  ability.  In  ordinary  road  and 
street  work  they  are  doubtless  sufficiently  competent,  but  in  the  tech- 
nical details  of  bridges  they  are  unskilled  aud  uninformed,  and  they 
themselves  are  for  the  most  part  willing  frankly  to  admit  it.  Such 
being  the  case,  it  seems  reasonable  to  suppose  that  in  these  matters  they 
would  gladly  avail  themselves  of  the  assistance  of  such  a  commission. 
Their  real  powers  would  be  unimpaired.  They  woiild  still  decide  as  to 
the  amounts  of  money  to  be  appropriated,  the  method  and  manner  of  its 
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exiienclitiire,  the  award  of  contracts,  etc.  The  commission  wouhl  be 
advisory,  but  in  no  hampering  or  offensive  sense.  The  combination 
■woi;ld  work  to  the  assistance  of  the  town  officers,  and  the  public  couhl 
be  reasonably  sure  that  it  was  not  cheated  by  contractors,  that  it  got  its 
money's  worth,  and  that  it  got  good  and  trustworthy  bridges. 

So  far  as  the  cost  of  the  commission  is  concerned  the  estimate  of 
forty  thousand  dollars  a  year  may  seem  large.  But  remember  that 
there  is  a  great  amount  of  work  to  be  done.  There  is  in  the  State  of 
Michigan  nearly  six  thousand  miles  of  railway,  and  jirobably  ten  times 
that  length  of  wagon  roads,  and  the  aggregate  amount  of  bridging  must 
be  very  great.  To  jjroperly  look  after  all  this  will  require  a  consider- 
able foi'ce  of  men,  and  they  must  all  be  men  of  skill  and  professional 
training.  And  we  should  consider  the  magnitude  of  the  interests  at 
stake.  A  single  bridge  disaster  may  destroy  in  property,  and  in  many 
instances  has  done  so,  tenfold  the  whole  cost  of  such  a  commission,  to 
say  nothing  of  the  loss  of  human  life.  If  the  object  sought  can  be  cer- 
tainly secured  by  an  annual  expenditure  of  forty  thoiisaud  dollars,  there 
should  not  be  a  moment's  hesitation.  Such  a  sum  is  a  bagatelle  in  the 
comparison.  Possibly  my  judgment  is  at  fault  as  to  the  precise 
amount.  It  may  be  somewhat  more  or  somewhat  less  than  the  sum  I 
mention.  The  precise  amount  needed  can  only  be  told  l>y  trial.  There 
must  be  money  enoiigh  to  secure  a  first-class  commissioner,  and  to  ytro- 
Tide  him  with  an  ample  corps  of  first-class  assistants,  and  to  pay  a  con- 
siderable amount  of  traveling  expenses,  etc.  The  money  which  such 
an  organization  may  cost  will  be  well  sjjent,  and  the  staft'  will  fairly 
earn  every  dollar  that  is  ])aid  them. 

And  now  arises  the  cpiestiou  as  to  the  selection  of  a  commissioner.  I 
think  every  one  will  admit  that  the  office  should  be  entirely  and  forever 
divorced  from  politics.  It  should  be  utterly  beyond  the  reach  of  apartj' 
leader  or  a  political  striker.  What  is  wanted  is  a  bridge  engineer,  not  a 
politician.  Therefore  it  is  manifestly  out  of  the  question  that  he  should 
be  subject  to  election  by  popular  vote.  He  must  be  appointed.  And 
who  shall  appoint  him?  Not  certainly  the  Legislature.  Any  objections 
which  ai)ply  to  a  po])ular  election  apply  equally  to  such  an  appoint- 
ment. The  power  might  perhaps  be  placed  iu  the  hands  of  the  Gov- 
ernor. But  the  Governor  or  any  other  individual  or  body  that  is 
elective  might  very  j^ossibly  be  swayed  by  motives  more  or  less  tinged 
by  his  or  their  political  surroundings  and  affiliations.  And  furthermore, 
however  conscientious  and  well-informed  the  Governor  may  be,  it  is 
not  likely  that  he  would  be  sufficiently  acquainted  with  the  subject  or 
with  professional  engineers  to  be  able  to  select  the  right  man.  There- 
fore the  Governor  is  hardly  the  i)roper  authority  to  make  the  choice. 

The  matter  thus  narrows  itself  down  towards  one  and  only  one  direc- 
tion. The  commissioner  should  be  selected  and  nominated  by  those 
who  Avill  directly  use  his  services,  viz. :  by  those  who  have  bridges  to 
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build  and  care  for.  They  best  know  what  is  wanted,  and  their  acquaint- 
ance with  engineei's  personally  and  by  repnte  is  such  that  they  can  most 
readily  pnt  their  hands  on  the  right  man.  They  would  be  intimately 
brought  into  contact  with  him  in  the  various  operations  of  their  daily 
business,  and  would  carry  a  joint  responsibility  with  him  in  all  official 
transactions,  and  consequently  would  natiirally  feel  the  warmest  interest 
in  the  character  and  capacity  of  the  man  with  whom  they  had  thus  to 
deal. 

Now,  of  those  who  have  bridges  to  build  and  care  for,  there  are  two 
classes:  first,  the  town  and  county  officers  in  charge  of  bridge  work,  and 
second,  the  railroads.  In  the  attempt  to  choose  a  commissioner,  the  first 
class  would  be  heavily  haudioapi^ed  by  reason  of  their  great  number, 
and  by  the  fact  that  they  are  scattered  all  over  the  State  in  every  town- 
ship, and  are  for  the  most  part  unknown  to  each  other,  and  so  Avould 
probably  find  it  impracticable  to  act  in  concert.  And  thus  we  come 
step  by  step  to  see  that  the  selection  of  the  commissioner  should  be  by 
the  railroads.  And  it  is  eminently  fit  that  it  should  rest  here.  The 
railroads  are  vitally  interested  in  the  matter,  and  all  their  natural  mo- 
tives would  he  simply  to  get  the  best  man.  They  operate  a  great  num- 
ber of  bridges  all  over  the  State,  on  the  safety  of  which  incessantly  de- 
pend immense  values  of  property  and  great  numbers  of  lives.  They 
would  pay  directly  one-half  the  cost  of  the  commission.  Their  man- 
agers are  few  in  number,  acqiiainted  with  each  other,  and  can  easily  act 
in  concert.  They  are  widely  known  to  the  whole  community  as  men  of 
character,  capacity,  intelligence  and  high  standing.  Their  business  con- 
nections are  such  that  they  are  necessarily  largely  acquainted  with  en- 
gineers, and  their  means  of  information  are  ample  as  to  the  ability  and 
standing  of  any  individual.  It  might  be  reasonably  expected  that  the 
man  whom  they  should  unitedly,  or  a  majority  of  them,  select  would  l)e 
fit  for  the  place. 

Let  the  Governor  appoint  the  man  whom  the  railroads  nominate,  put 
into  his  hands  the  duties  and  powers  hereinabove  indicated,  and  I  be- 
lieve a  long  stride  will  be  made  in  the  direction  of  public  safety  and 
welfare.  i 


George  H,  Pegram,  M.  Am.  Soc.  C.  E. — L  "When  we  consider 
the  number  of  bridges  in  this  country,  the  experimental  state  of  bridge 
building  at  the  time  most  of  them  were  biiilt,  and  the  rapid  increase 
in  loatls  and  speed  of  trains,  the  number  of  accidents  seems  very  small, 
and  those  which  might  have  been  avoided  by  inspection  in  the  light  of 
our  present  knowledge  so  small  that  there  seems  no  justification  in 
hampering  the  railway  companies  with  legal  enactments  which  might 
introduce  greater  evils  through  the  divided  responsibility  which  might 
ensue,  particularly  when  the  sj^ecification  of  bridge  engineering  and 


2T0      IXSPECTIOX    AXD    MAINTENANCE   OF    R'Y    STRUCTUKES. 

inspection  constantly  tends  to  greater  security  and  the  railway  com- 
panies evince  a  disposition  to  improve  and  renew  their  bridges  as  fast 
as  can  reasonably  be  expected. 

2.  I'roper  bridge  inspection  can  only  be  made  by  a  person 
thoroughly  acquainted  with  the  i)rinciples  involved  in  the  design  as 
well  as  the  mechanical  manipulations  through  which  the  work  has 
l^assed,  and  it  is  much  better  that  such  inspection  be  made  at  long- 
intervals  of  time  than  that  the  work  be  subjected  to  the  frequent 
torture  that  is  now  so  common  by  unskillful  hands.  A  complete  I'ecord 
of  every  defect  is  of  the  greatest  importance  in  order  that  chronic  weak- 
nesses may  be  avoided  in  future  designs. 

3.  The  rolling  load  on  bridges  is  constantly  increasing,  and  a 
standard  would  necessarily  have  to  be  heavier  than  that  now  in  use  to 
endure  for  any  length  of  time.  The  real  difference  in  the  costs  of 
bridges  for  light  and  heavy  loads  within  the  limits  usually  specified 
can  be  ascertained  by  railroads  by  asking  for  bids  on  both,  and  it  is 
probable  that  when  the  small  proportionate  ditt'erence  is  seen  the 
heavier  load  will  generally  be  adoped.  There  seems  to  be  no  reason 
for  specifying  an  engine  wheel  base  when  better  results  can  be  obtained 
in  much  less  time  with  a  uniform  load  in  combination  with  a  single 
concentrated  load. 

4.  It  does  not  seem  expedient  to  adopt  a  standard  bridge  tloor, 
because  the  proper  floor  to  use  will  dejoend  somewhat  upon  the  con- 
struction of  other  parts  of  the  bridge  and  there  is  a  wide  difieience  of 
opinion  as  to  what  is  best. 

5.  A  sufficiently  good  tloor  is  made  without  the  use  of  bnckle- 
plates  Avhicli  contain  elements  of  danger  in  their  liability  to  corrosion 
and  inaccessibility  to  inspection  and  painting. 

6.  An  efficient  guard  rail  is  of  all  things  the  most  important  part  of  a 
bridge,  because  most  failures  of  bridges  are  knock-downs.  Eails,  when 
used  for  this  purpose,  do  not  prevent  the  bunching  of  the  ties,  and  it 
would  seem  that  the  case  is  most  effectively  and  economically  met  by  a 
wooden  guard  rail  notched  over  the  ties,  and  having  an  angle-iron  nosing 
throughout  its  length,  as  I  understand  is  iised  on  the  Chicago,  Milwaukee 
and  St.  Paul  Railway.  In  all  cases,  the  tiesshould  be  sutficiently  strong 
and  well  suj^ported  to  carry  a  train  when  off  the  track.  The  addition  of 
rails  running  to  a  point  at  the  end  of  the  bridge,  as  in  the  Latimer  de- 
vice, is,  of  course,  so  much  additional  security,  and  ought  generally  to 
be  used. 

7.  It  would  seem  desirable  to  require  interlocking  apparatus  and 
every  other  known  j^recaiTtion  at  all  crossings,  but  hardly  practicable  to 
make  any  limitations  as  to  grade. 

8.  Legislation  on  any  of  the  points  covered  by  the  suggestions  in  the 
circular  would  seem  inexpedient,  and  a  commission  with  judicial  power 
in  the  selection  of  designs  very  much  to  be  deplored,  because  the  selec- 
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tion  of  meu  with  sufficient  skill  and  integrity,  and,  above  all,  free  from 
l^ersonal  bias  and  political  influence,  wonld  be  almost  imiaossible,  and 
the  growth  and  develoi^ment,  now  very  rapid,  might  be  serionsly 
checked. 

9.  The  experience  of  the  Master  Car  Builders'  Association  in  the  se- 
lection of  standards  can  hardly  be  joroperly  cited  in  this  connection. 
The  devices  discussed  by  them  are  nearly  the  same  in  cost  and  compar- 
able in  efficiency,  while  in  bridge  work  it  is  fre(|ueutly  a  matter  of  how- 
much  the  road  can  afford  to  pay,  and  the  efficiency  is  genei'ally  a  mat- 
ter of  judgments  born  of  diflferent  experiences.  A  jjoor  bridge  that 
stands  does  as  eflfective  work  as  a  good  one. 


G.  BouscAEEN,  M.  Am.  Soc.  C.  E. — I  am  i^revented  at  the  last  moment 
from  attending  the  Convention  as  I  had  intended  to  do.  The  time  is 
too  short  now  for  lengthy  remarks,  but  I  am  induced  to  say  something 
in  hope  that  it  may  bring  about  a  full  discussion  from  the  able  mem- 
bers present  at  the  Convention;  it  seems  very  desiral)le  that  something- 
should  be  done  to  rectify  the  course  into  which  we  are  now  drifting. 

To  question  (3)  of  the  circular,  I  rej^ly.  No,  for  the  obvious  reason 
that  the  weights  of  locomotives  and  trains  vary  within  very  wide  limits 
from  one  road  to  another.  Although  it  is  good  and  jDrudent  ijolicy  for 
every  road  to  provide  for  the  future  in  the  construction  of  structures 
designed  to  be  permanent,  it  can  hardly  be  ex^jected  that  a  province 
road  with  light  traffic,  or  a  small  feeder  to  a  trunk  line  should  make  the 
same  allowance  in  that  direction  as  the  main  line  of  a  great  system  with 
steep  gradings  and  heavy  traffic. 

My  reply  to  question  (4)  is  that  all  bridge  floors  should  be  im- 
l^enetrable  to  a  derailed  train;  but  to  specify  a  uniform  floor  standard 
for  all  roads  would  be  inexpedient  for  the  same  I'eason  given  against  a 
uniform  standard  load. 

Question  (5).  1  would  recommend  ballasted  floors  on  all  bridges 
where  creosoted  ties  are  used,  but  would  not  put  ballast  on  unpreijared 
timber,  and  would  prefer  creosoted  ties  to  buckle  plates.  The  elastic 
medium  offered  by  the  wooden  ties  is,  I  think,  very  essential. 

Question  (6).  Guard  rails  should  be  used  on  all  bridges,  and  the 
Latimer  guai*d  or  an  equivalent  substitute  at  the  ends  of  all  through 
bridges  and  of  all  high  deck  bridges  at  least. 

I  reply  in  the  affirmative  to  question  (7)  which  proiaerly  relates,  how- 
ever, to  the  subject  of  railroad  crossing3.  For  i-easons  already  stated, 
arising  from  the  great  diflference  in  the  character  and  requirements  of 
different  roads,  I  would  not  consider  it  expedient  and  desirable  that 
fixed  standards  of  load,  wheelbase,  floor  and  guards  be  legislated,  but  I 
think  it  is  of  the  greatest  importance  that  projier  inspection  be  en- 
forced by  the  States  or  by  the  general  Government. 
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This  insiDection  should  not  consist  in  an  "intelligent  walk  "  over 
the  structure  or  a  "good  glance  "  from  the  rear  platform  of  a  Pullman 
rar,  but  in  the  verification  of  the  facts  as  to  whether  a  bridge  is,  or  is 
not,  i:>roperly  adapted  to  the  purpose  for  which  it  is  being  nsed  :  or  in 
other  words,  whether  it  is  projDerly  designed  and  jDroportioned,  first  to- 
carry  safely  the  maximum  load  to  which  it  is  actually  subjected;  second, 
to  resist  the  abnormal  effects  of  accidental  causes,  such  as  extraordinary 
wind  storms  and  the  derailment  of  trains,  and  whether  it  is  being  prop- 
erly maintained,  as  to  rei)air  and  adjustment  of  parts,  and  the  protec- 
tion of  its  material  against  natural  deterioration. 

We  all  know  why  so  many  poor  structures  are  to  be  found  on  some 
otherwise  first-class  roads,  but  it  may  be  well  to  speak  out  the  reasons  here. 

Let  us  assume  the  most  favorable  circumstances:  a  road  is  being  built 
under  the  sujjervision  of  an  engineer  who,  i^erchance,  happens  to  know  j 

something  about  bridges.  He  prepares  his  specifications  for  the  heaviest 
load  used  in  the  country,  and  adds  something  to  it  to  provide  for  con- 
tingent increase  in  the  future  ;  this  does  not  suit  the  president  of  the 
company,  who  is  a  practical  man  ;  he  does  not  propose  to  build  a  road 
on  the  model  of  the  Pennsylvania  or  the  Baltimore  and  Ohio  ;  he  wishes 
to  jjrovide  only  for  the  traffic  in  sight,  and  is  not  going  to  have  heavy 
engines  to  head  his  rails — he  directs  the  engineer  to  change  his  load. 
The  road  is  built,  the  engineer  is  dispensed  with  of  course  ;  a  carjienter 
is  in  charge  of  the  bridges  ;  he  can  frame  and  put  up  a  Howe  truss,  but 
he  is  not  "  at  home  "  with  his  iron  bridges — they  rattle  some  and  are 
getting  rusty — he  screws  them  up  ! 

The  weights  of  engines  and  trains  on  the  road  are  increased  fifty  per 
cent,  by  the  force  of  circumstances,  and  the  bridges  are  still  standing,, 
but  for  how  long  ?  This  is  the  early  history  of  a  great  many  American 
railroads.  Now  comes  on  other  trouble,  it  first  began  with  steel  rails. 
What  is  wanted  are  rails  that  will  not  break  like  glass  or  crush  like 
lead.  Engineers  have  tried  to  learn  what  little  is  known  with  regard  to 
steel  and  to  utilize  this  knowledge  in  specifying  some  of  the  qualities 
which  ai)i:)eared  essential  to  have  in  the  steel  they  were  buying.  Manu- 
facturers have  taken  exce^^tion  to  this  and  have  so  resolutely  and  iiuan- 
imously  set  their  heads  together  against  this  i)resujnption  of  the  en- 
gineer, that  it  is  next  to  impracticable  now  to  have  rails  made  on  speci- 
fications here  as  is  universally  i^racticed  in  Europe  ;  perhaps  this  may 
have  a  bearing  on  the  marked  difference  which  has  been  aiiparent  lately 
in  the  lasting  qualities  of  American  and  European  rails. 

A  movement  in  the  same  direction  is  now  being  made  by  some 
bridge  manufacturers  :  they  have  specifications  of  their  own  which  they 
propose  to  substitute  for  engineers'  specifications  ;  some  deal  with 
the  quality  of  materials  only,  others  with  the  workmanship,  load,  and 
the  proportioning  of  parts  as  well,  and  the  proposition  sometimes 
takes  the  shape  of  an  ultimatum,  "  You  shall  have  this  or  nothing." 
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Grant  the  same  degree  of  tinanitnity  and  cohesion  to  the  bridge 
builders  ou  that  ground,  as  obtains  for  steel  rail  manufacturers  and 
there  shall  be  no  more  need  for  the  engineer,  except,  perhaps,  as  experts 
called  upon  to  unravel  the  mysteries  of  bridge  wrecks,  before  a  coro- 
ner's court.  I  do  not  wish  to  ruttie  the  feelings  of  my  friends,  the  man- 
ufacturers, nor  to  impeach  their  ability,  nor  to  impute  their  motives, 
but  I  believe  it  is  an  unsound  j^rinciple  and  an  ill-advised  business 
move  to  dispense  with  the  intermediacy  of  the  engineer  between  the 
buyer  and  the  contractor.  It  may  suit  the  purpose  of  contracting  com- 
panies admiral)ly  well,  but  I  believe  it  is  not  calculated  to  promote  the 
interests  of  the  public,  the  progress  of  the  art,  nor  the  high  repute 
of  the  profession,  yet  this  is  the  drift  of  the  situation,  and  I  could  not 
suggest  a  better  remedy  than  rigid  legislation  on  the  proper  inspection 
of  railroad  bridges. 


W.  S.  Lincoln,  'SI.  Am.  Soe.  C.  E. — In  reply  to  your  letter  of  in- 
quiry I  desire  to  submit  the  following  replies  to  your  inquiries: 

Question  2. — In  addition  to  the  daily  inspection  made  by  the  bridge 
watchman,  an  inspection  should  be  made  every  thirty  days  by  a  careful 
man  skilled  in  erection  and  accustomed  to  the  care  of  tracks,  ap- 
proaches, etc.,  who  should  make  careful  report  of  the  condition  of  the 
whole  structure  as  far  as  it  may  be  apparent  to  him.  An  additional 
inspection  should  be  made  by  a  competent  engineer  at  least  every  six 
months,  who  should  carefully  examine  every  part  of  the  structure  and 
make  reports  to  the  Chief  Engineer. 

Question  3. — I  am  inclined  to  the  opinion  that  a  standard  specitied 
rolling  load  should  be  adopted  and  also  specified  engine  load  and  wheel 
load. 

Many  of  the  roads  have  adopted  what  would  seem  at  present  to  be 
in  excess  of  what  is  requii*ed,  but  as  the  practice  seems  to  me  to  in- 
crease the  w'eight  of  the  rolling  stock  and  loading  it  must  be  consid- 
ered a  step  in  the  proper  direction  and  as  '' taking  the  safe  side."  It 
may  be  urged  by  some  of  the  advocates  of -lighter  loads  that  many  of 
the  smaller  roads  having  light  engines  do  not  require  such  heavy 
bridges.  The  live  load  from  the  general  car  loading  will  be  the  same 
for  every  road  in  the  country,  and  if  the  heavy  engines  are  economical 
and  desirable  for  the  larger  roads,  they  will  ultimately  come  into  general 
use,  and  there  should  be  no  more  permanent  iron  work  built  for  light 
loads. 

Question  4. — I  think  it  would  be  expedient  to  adopt  a  standard 
bridge  floor,  and  enclose  a  i)lan,  I  late  XLI,  of  such  floor  as  I  have  had 
in  use  for  many  years. 

Question  5. — I  see  no  necessity  for  a  buckle-plate  floor  and  am  not  in 
favor  of  it.     It  is  objectionable  for  various  reasons— ditKculty  of  making 
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rejiairs — in  the  way  of  painting  and  insi>ection— increasing  liability  to 
corrosion. 

Question  6. — The  Latimer  or  some  equally  effective  appliance  should 
be  used  at  all  openings  over  20  or  30  feet  depending  somewhat  ujjon 
location. 

Question  7. — Crossings  of  other  roads  should  be  overhead  when  pos- 
sible. If  this  is  not  practicable,  interlocking  apparatus  with  the  derail- 
ing switches  should  be  used,  and  this  should  be  enforceel  by  jiroi^er 
legislation,  though  as  to  this,  each  road  should  certainly  take  its  own 
precautions  as  to  the  safety  of  its  structures  and  should  be  held  respon- 
sible for  the  results.  The  insjieetion  sliould  be  thorough  and  made  by 
a  competent  engineer.  A  superficial  examination,  such  as  is  frequently 
made,  should  not  be  permitted,  and,  if  necessary,  laws  should  be  en- 
acted to  enforce  such  inspection. 

Question  8. — A  committee  to  discuss  these  matters  would  l)e  ulti- 
mately productive  of  great  good,  and  as  in  many  other  similar  cases  lead 
to  some  understanding  as  to  uniformity  of  practice.  I  hoi^e  to  see  this 
matter  taken  up  with  a  view  of  further  action. 


Joseph  M.  Wilson,  M.  Am.  Soc.  C.  E. — I  confess  to  not  being  very 
familiar  with  the  powers  possessed  by  Congress,  as  compared  with  those 
of  the  States,  for  framing  laws  governing  matters  of  jDroper  strength  in 
railroad  constructions,  but  the  vast  extent  of  our  railroads,  spreading  all 
over  the  country,  in  utter  disregard  of  State  lines,  the  same  road  often 
running  through  several  States  in  succession,  and  the  applicability  of  a 
<5ommon  law  for  all,  would  appear  to  make  it  advisable,  if  possible,  that 
the  Bridge  Inspection  question  should  be  controlled  by  Congress  rather 
than  by  State  laws. 

The  common  custom  and  great  advantages  of  running  through  lines 
for  very  long  distances  and  of  transporting  freight  and  passengers  from 
one  road  to  another  without  change  of  cars  or  break  in  bulk ;  also  the 
tendency  to  uniformity  on  the  various  leading  roads  in  engine  service 
for  the  several  classes  of  engines,  all  conduce  towarels  a  similarity  of 
rolling  loads,  and  render  it  advisable,  if  possible,  to  adopt  a  standard 
specified  loading  for  bridge  computations.  If,  in  arranging  this,  an  as- 
sumption can  be  made  that  would  include  the  effects  of  both  cars  and 
engines,  it  would  lead  to  simplification. 

So  many  changes  are  l)eing  made  from  time  to  time,  particularly  in 
•engines  that  if  a  standard  Avere  adopted  for  the  engine  loads,  conforming 
to  or  covering  a  i)articular  series  of  engines,  it  would  not  remain  stand- 
ard very  long,  and  therefore  it  would  seem  best  if  engines  are  to  be 
considered  separately,  to  assume  a  typical  engine,  designed  not  only  to 
cover  existing  types,  but  to  anticipate  the  outcome  of  the  future.  It 
would  seem,  however,  that  one  might  be  able  to  Avork  up  a  loading  that 
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would  cover  both  engines  and  cars,  partienlarly  as  the  present  tendency 
is  to  make  a  large  margin  in  loadings,  and  this  margin  would  i^robably 
be  sufficient  to  include  not  only  all  variations  of  locomotives,  but  the  dif- 
ferences between  their  loads  and  those  from  trains.  The  matter  would 
require  more  care  and  study  than  can  be  given  at  this  time,  but  there  are 
certainly  possibilities  in  this  direction,  and  it  would  be  a  great  point  if 
there  was  a  standard  established  by  law  for  the  designing  of  all  new 
bridges. 

Where  old  bridges  are  to  be  inspected,  criticised  and  accepted  or  con- 
demned, larojier  economical  considerations  would  demand  that  they  be 
considered  in  reference  to  the  actual  service  that  they  have  to  undergo. 
Branch  roads,  with  light  trains  at  long  intervals,  would  answer  with 
lighter  bridges  than  a  main  line  with  heavy  traffic  and  frequent  trains, 
and  an  extensive  road  with  branch  lines  can  often  replace  its  light  main 
line  bridges  by  heavier  ones,  using  up  the  old  bridges  on  the  branch 
lines.  I  do  not  mean  to  have  it  inferred  from  this  that  I  favor  light 
bridges  on  branch  lines.  By  no  means.  Where  a  new  bridge  is  to  be 
built  for  a  light  branch  road,  I  would  always  build  it  up  to  standard,  as 
in  the  various  changes  in  the  direction  of  traffic,  to  which  experience  can 
well  testify,  no  one  knows  how  soon  a  branch  line  may  become  subject  to 
heavy  service.  So  far  as  the  framing  of  a  law  is  concerned  to  govern  this 
subject,  railroads  might  be  classified  as  say  first,  second  and  third  class, 
depending  upon  the  kind  of  business  and  loads  carried  over  them,  and 
the  operating  companies  could  be  prevented  by  penalty  from  placing  a 
heavier  class  of  business  upon  a  line  than  that  for  which  it  is  registered. 

For  the  designing  of  nev/  bridges,  I  am  decidedly  in  favor  of  a  con- 
siderably heavier  live  load  than  that  generally  used.  I  believe  I  was  the 
first  to  inaugurate  the  system  of  using  typical  designs  representing  en- 
gines of  the  future  for  loading,  and  my  experience  with  their  use  shows 
that  it  only  took  about  eight  years  to  reach  with  actual  service  the  ad- 
vanced limits,  which,  at  the  time  they  were  adopted,  it  was  suppo.sed 
would  cover  the  case  for  many  years  to  come.  This  experience  justifies 
me  in  saying  that  I  think  this  limit  for  live  load  should  be  made  much 
higher  than  it  generally  is.  That  recently  authorized  by  the  Pennsyl- 
vania liailroad  meets  with  my  approval,  and  as  this  road  is  a  very  prom- 
inent one  in  extent  and  position,  and  the  question  of  coming  to  some 
uniform  standard  is  a  very  important  one,  I  should  be  in  favor  of  adopt- 
ing it.  It  is  only  an  amplification  of  what  I  have  been  endeavoring  to 
work  up  to  for  years. 

I  am  not  yet  converted  to  the  English  system  of  loading  small  bridges 
with  solid  floor  and  ballast  so  as  to  increase  the  proportion  of  dead  to 
live  load,  but  I  thoroughly  believe  in  making  them  much  stronger  than 
long  spans,  in  proportion  as  they  are  smaller,  and  the  live  load  increases 
in  comparison  with  the  dead  load.  I  would  rather  reduce  the  allowable 
stresses  per  square  inch  than  increase  the  dead  load. 
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The  adoption  of  a  staudard  floor  system  would  be  a  good  move  if  it 
could  be  doue.  But  it  would  be  almost  impossible  to  get  all  engineers 
to  think  alike  on  this  matter.  I  have  known  those  who  adopted  stand- 
ards, and  frei|uently  found  reason  to  change  them  afterwards. 

I  do  not  like  any  guard  system  which  provides  for  guards  placed  in- 
side of  the  rails,  but  much  prefer  them  outside,  where  they  are  far  less 
apt  to  give  trouble  in  case  of  obstructions  falling  on  the  track,  and  to 
my  mind  outside  gaiards  can  be  made  equally  eflective  for  their  pur- 
poses as  inside  ones. 

My  idea  of  a  properly  organized  system  on  a  railroad  for  bridge  in- 
spection and  maintenance  would  be  something  like  the  following: 

There  should  be  a  complete  tabulatetl  list  of  all  the  bridges  on  the 
road  kept  on  file  in  the  proper  office  of  the  company,  that  of  the  chief 
engineer,  the  engineer  of  bridges,  or  the  office  rei^resenting  that  branch 
of  the  service.  If  the  extent  of  the  road  is  sufficient  to  justify  it,  there 
may  be  an  engineer  of  bridges  in  general  charge  of  this  whole  department. 

This  list  should  give  the  bridges  according  to  number,  first  over  the 
main  line  and  then  on  the  several  branches  from  their  junction,  showing 
location,  kind,  size,  general  dimensions  and  other  particulars. 

Then  there  should  be  on  file  in  the  same  office  a  complete  set  of 
drawings  for  said  bridges,  showing  not  only  the  general  plans  but  com- 
plete in  every  detail,  with  strain  sheets  calculated  under  certain  assumed 
loading,  so  that  a  competent  engineer  may,  by  examination  of  these 
plans,  satisfy  himself  as  to  the  proper  design,  proportions  and  strength 
of  each  structure,  not  only  as  to  its  general  parts,  but  for  every  detail. 
AVhenever  any  changes  are  made  these  lists  and  plans  should  be  kept 
corrected  up  to  date. 

In  taking  up  the  bridge  question  for  a  road  where  very  little  atten- 
tion has  previously  been  paid  to  it,  one  of  the  first  things  to  do  is  to 
prepare  these  lists  and  detail  plans,  and  to  haA-e  full  computations  made 
on  each  bridge,  not  for  an  ideal  load  of  the  future,  which  is  a  question 
for  new  bridges,  but  for  the  actual  loads  in  use. 

With  this  data  before  him,  the  expert  engineer  can  determine  how 
far  each  bridge  is  adapted  to  safely  carry  the  service  put  upon  it,  and 
how  far  he  can  allow  parts  which  may  be  light  to  fall  below  the  standard 
limits  without  condemnation. 

He  will  now  proceed  to  make  a  close  personal  inspection  of  each 
structure,  not  only  to  confirm  his  theoretical  dediictious  but  to  examine 
for  faults,  decay,  breaks,  wear  and  tear  or  other  practical  questions 
which  may  affect  the  case  more  or  less  seriously. 

Each  division  of  the  road,  such  as  is  covered  usually  by  a  division 
superintendent,  say  one  hundred  and  fifty  miles  or  more  in  length,  should 
have  on  it  an  assistant  engineer,  one  who  is  a  graduate  of  a  reputable 
scientific  engineering  college,  who  has  had  some  years'  actual  service 
on  a  road  under  operation,  and  who  has  bad  some  experience  in  bridges. 
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With  him,  aud  under  his  direction,  should  be  what  in  the  old  days 
of  wooden  bridges  was  designated  the  "master  carpenter,"  but  wdio  in 
these  tlays  might  have  a  more  api^ropriate  title,  such  as  superintendent 
of  bridges,  or  something  better.  This  man  should  be  eminently  practi- 
cal. He  should  understand  how  to  handle  and  ixse  workmen  and  me- 
chanics, how  to  frame  and  erect  wooden  bridges,  Howe  trusses  particu- 
larly, trestles,  false  works,  how  to  erect  and  repair  iron  bridges,  even  if 
it  may  not  be  desirable  for  him  to  actually  undertake  the  work  of  erec- 
tion, and  he  should  kuow  something  of  the  general  principles  of  the 
action  of  bridges. 

All  matters  of  maintenance'would  come  directly  in  his  charge,  under 
the  assistant  engineer. 

These  two  men,  the  assistant  engineer  and  the  superintendent  of 
bridges,  should  work  together.  On  them  rests  the  direct  respousil)ility 
for  the  care  of  the  bridges;  the  daily,  weekly  or  monthly  examinations, 
as  may  be  necessary,  are  to  be  made  by  them.  These  should  be  sujjple- 
mented  by  the  daily  insi^ection  of  the  road  foreman,  whose  duty  it  should 
be  to  go  over  his  subdivision  each  day,  and  to  examine  for  defects  not 
only  in  track  but  in  bridges  and  everything  else  on  the  line.  If  matters 
occur  that  require  prompt  action  they  are  to  attend  to  them,  and  to  re- 
l^ort  to  higher  authority,  by  which  they  would  always  be  governed  in 
any  expenditures,  modifications  or  changes  of  structures.  If  they  need 
further  expert  examination  they  can  ask  for  it.  They  have  the  direct 
i*esponsibility,  and  must  take  any  instant  precautions  necessary  for 
safety,  so  that  no  risks  may  be  run. 

After  the  first  detailed  examination  by  an  expert,  whether  a  regularly 
appointed  engineer  of  bridges  or  only  called  in  for  the  occasion,  to- 
gether with  the  preparation  of  detailed  plans,  etc.,  copies  of  which 
should  always  be  on  file  in  the  office  of  the  assistant  engineer  of  the  di- 
vision, then  further  inspections  by  experts  may  be  made  only  ouce  per 
year,  or,  i)erhaps,  say  once  in  two  years,  with  special  inspections  as 
may  be  required,  to  be  made  by  the  engineer  of  bridges  or  a  specially 
apijointed  consulting  engineer,  but  one  who  neces.sarily  must  be  an  expert 
in  his  particular  calling.  The  annual  inspection  is  only  an  ordinary  one, 
which,  of  course  has  grave  responsibilities  connected  Avith  it,  but  it  is 
not  intended  to  relieve  the  responsibility  of  those  who  have  direct 
charge  of  the  bridges.  It  should  be  made  in  company  with  the  assistant 
engineer  and  superintendent  of  bridges  who  should,  in  any  examination 
report  freely  for  the  benefit  of  the  expert,  all  facts  concerning  the  work- 
ing of  the  structures  under  service,  and  ask  for  advice  where  wanted. 
The  inspector,  on  his  part,  being  familiar  previously  with  all  theoretical 
deductions  concerning  the  bridges,  or  having  them  before  him,  should 
advise,  give  instructions  and  directions,  make  his  own  notes  and  embody 
the  results  of  his  examinations  in  a  report  to  the  proper  officer  of  the 
road. 
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After  such  work  is  regularly  organized  and  goes  on  from  year  to 
year,  each  bridge  gets  to  be  thoroughly  known  on  its  merits,  as  to  its 
details,  its  peculiarities  and  its  capabilities.  All  is  under  i^roper  con- 
trol, and  repairs,  strengthening  or  renewal  will  take  place  in  due  season 
as  needed,  based  on  the  reports  made  on  the  structiire.  If  these  reports 
are  faithfiilly  made  by  a  competent  man,  and  the  advice  therein  given  is 
conscientiously  carried  into  effect  by  the  railroad  company,  there  is  no 
reason  why  the  traveling  piiblic  should  not  be  efficiently  protected. 


James  G.  Dagbon,  JM.  Am.  Soc.  C.  E. — 1.  It  is,  in  my  opinion,  de- 
sirable to  avoid  the  interference  of  the  National  or  State  Legisla- 
tures in  this  connection.  Any  law  framed  by  non-experts  could  but  be 
deficient  and  ill-considered,  and  should  such  legislation  be  i:)assed  it 
would  probably  either  add  to  the  powers  of  the  railway  commissions  in 
the  States  where  they  exist,  or  create  a  corps  of  8tate  Inspectors  of 
Bridges  Avho  would  be  api^ointed  officers.  These  officials  might,  in  rare 
cases,  be  competent  men,  but  there  is  a  strong  likelihood  of  their  being 
appointed  more  on  account  of  their  political  influence  than  of  their  pro- 
fessional standing  and  experience. 

The  remedy  lies  in  the  hands  of  the  railway  companies  themselves, 
inspection  of  railway  structures  is  not  a  neAv  art,  and  the  services  of 
competent  and  experienced  men  can  be  readily  obtained. 

Every  railway  company  whose  mileage  is  sufficient  to  warrant  it, 
should  have  a  Superintendent  of  Bridges  on  its  permanent  staff.  This 
official  should  be  an  engineer,  fully  capable  of  determining  the  stresses 
induced  in  the  structures,  and  thoroughly  versed  in  the  practical  details 
of  the  manufacture  of  the  different  parts,  and  in  the  characteristics  of 
the  material;  he  should  make  a  thorough  inspection  of  all  structiires  ou 
the  line  of  road  at  least  every  six  months,  and  preferably  at  shorter  inter- 
vals, reporting  their  condition  to  the  executive  officers.  Bridge  watch- 
men, trained  by  the  Superintendent  of  Bridges  as  to  the  points  to  be 
noted,  should  make  more  frequent  examinations  of  the  structures  under 
their  charge,  reporting  at  once  to  him  anything  amiss  discovered  by 
them.  In  the  case  of  roads  whose  mileage  is  not  great  enoiigh  to  war- 
rant the  jiermanent  employment  of  an  e.^i)ert,  one  should  be  called  in 
at  least  once  every  year  to  make  a  thorough  inspection  of  their  struct- 
ures, and  be  should  instruct  the  bridge  watchmen  as  above  stated,  they 
in  this  case  reporting  directly  to  the  proper  officer. 

2.  Proper  bridge  inspection  consists  in  a  careful  and  minute  exami- 
nation of  all  the  parts  of  the  structure,  both  as  to  their  construction  and 
as  to  tlieir  action  in  service.  It  should  be  seen  that  each  part  is  doing 
its  proper  duty  and  in  condition  to  continue  doing  so. 

All  bridges  during  tlieir  construction  at  the  shops  should  be  care- 
fully inspected  and  the  material  entering  into  them  properly  tested. 
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This  work  slioxild  be  in  charge  of  thoroughly  competent  men,  and  not, 
as  is  too  frequently  the  case,  in  the  charge  of  those  neither  theoretically 
nor  practically  qualified  for  the  work. 

3.  There  is  no  doubt  that  a  revision  of  specified  rolling  loads  is  ad- 
visable, as  in  some  cases  the  actual  loads  now  in  use  and  coming  into 
use  exceed  the  specified  loads.  It  is  questionable  however  whether  a 
standard  could  be  adopted  satisfying  all  conditions. 

4.  I  think  that  a  standard  bridge  floor  could  be  adopted  after  full 
discussion.  Such  a  floor  should  be  strong  enough  to  carry  safely  a 
derailed  engine  or  train,  the  spaces  between  ties  not  exceeding  four 
inches.  The  ties  shoiild  be  notched  one-half  inch  over  the  stringers, 
every  third  tie  being  fastened  to  the  guard  rail  and  stringer  by  a  J-inch 
bolt  and  intermediate  ties  fastened  to  the  guard  rails  by  |-incli  bolts, 
the  dimensions  of  ties  to  l)e  determined  by  the  distance  apart  of  stringers 
but  to  be  not  less  than  eight  inches  deep.  Guard  rails  to  be  6  x  8  inches 
and  notched  one  inch  over  ties. 

5.  It  would  be  advantageous  in  many  respects  to  have  bridges  of 
small  span  made  strong  enough  for  a  buckle-plate  floor,  and  a  continu- 
ous coat  of  ballast  on  the  bridge;  such  bridges  would  afford  more  resist- 
ance to  impact  and  vibration,  thus  adding  to  their  life.  This  is  the 
general  practice  in  Europe.  I  am  not  prepared  to  state  up  to  what  span 
this  should  apply. 

6.  I  am  heartily  in  favor  of  the  use  of  a  safety-guard  (Latimer,  or 
one  equally  as  good)  upon  all  structures  exceeding  sixty  feet  in  span. 

7.  Overhead  crossings  should  be  required  except  when  absolutely 
impracticable,  and  in  this  case  interlocking  apparatus  with  derailing 
switches  should  always  be  used. 

8.  Legislation  is  to  be  avoided  as  much  as  possible,  and,  if  necessary, 
to  be  only  asked  for  after  complete  study  of  the  question  by  experts  and 
on  their  i*ecommendation. 

9.  I  would  suggest  the  appointment  of  a  committee,  taken  from  the 
Society,  to  thoroughly  study  the  question  and  to  report  at  the  next  an- 
nual meeting  or  next  annual  Convention. 


J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.— 1.  Let  the  American  Society 
of  Civil  Engineei-s  present  a  memorial  to  Congress  suggesting  that  laws 
be  passed  which  will  compel  every  railroad  company  in  the  United 
States  to  have  prepared  and  filed,  either  at  Washington  or  at  the  capital 
of  the  State  under  which  the  company  was  chartered,  a  report  by  a  duly 
qualified  expert  upon  the  strength  and  capacity  of  every  bridge  upon 
that  company's  lines. 

This  report  should  consist  of  a  diagram  showing  sections  of  all  main 
members  and  the  stresses  to  which  they  are  subjected  by  the  standard 
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maximum  load  adopted  by  the  company  for  the  portion  of  its  line  ujion 
which  the  bridge  is  located,  and  which  load  the  company  under  no  cir- 
cumstances should  be  allowed  to  exceed. 

It  should  also  contain  sketches  of  all  details  showing  clearly  the 
sizes  of  all  parts  of  each  connection,  the  chord  packing,  riveting,  and 
all  other  information  that  would  be  necessary  for  an  engineer  to  enable 
him  to  report  upon  the  structure. 

In  addition  to  the  preceeding  it  should  give  the  inspector's  opinion 
as  to  the  real  cai)acity  of  the  bridge,  considering  both  the  main  mem- 
bers and  their  details,  with  suggestions  as  to  what  changes  should  be 
made  in  order  to  have  the  structure  comply  with  legal  requirements. 

The  railroad  company  should  be  allowed  a  reasonable  time  for  making 
these  changes,  the  length  of  same  depending  ui^on  the  gravity  of  the  de- 
fects ;  and,  in  case  of  non-compliance,  proceedings  to  stop  traffic  should 
be  undertaken  by  the  Government. 

If  the  railroad  company  refuse  to  accept  the  inspector's  report,  the 
matter  should  be  referred  to  a  standing  committee,  whose  action  on  such 
matters  should  be  final. 

To  prepare  the  laws  relating  to  inspection  and  capacity  of  rail- 
way structures,  a  committee  might  be  appointed,  thus  :  The  Govern- 
ment to  choose  a  prominent  member  of  the  legal  profession  who  has 
had  experience  in  railroad  matters,  the  president  of  the  American  Society 
of  Civil  Engineers  to  ap^joint  two  bridge  experts,  and  these  three  to 
choose  another  prominent  member  of  the  legal  profession  and  a  railroad 
engineer  of  great  experience  and  established  reputation. 

Let  the  committee  make  a  classification  of  roads  according  to  the 
character  of  their  rolling  stock  and  amount  of  traffic,  then  prepare  gen- 
eral sijeciflcations  for,bridge  design  so  complete  as  to  cover  every  detail, 
these  siDCcifications  to  be  used  for  all  new  bridges,  old  bridges  being  al- 
lowed a  certain  percentage  or  certain  percentages  of  deviation  from  the 
requirements. 

After  the  passage  of  these  laws,  let  the  Government  give  authority 
to  the  American  Society  of  Civil  Engineers  to  appoint  a  board  of  bridge 
experts,  to  acts  as  examiners  of  applicants  for  the  position  of  "qual- 
ified bridge  inspectors."  The  members  of  this  board  should  be  engineers 
who  are  located  all  over  the  country,  so  as  not  to  require  an  a^jplicant  to 
travel  any  further  than  can  be  avoided.  Any  one  member  might  hold 
an  examination  (written),  the  questions  being  prepared  by  a  committee 
of  the  board  and  sent  under  seal  to  the  applicant  in  cave  of  the  examiner. 

Each  member  of  the  board  should  see  the  examination  papers  and 
mark  them,  the  average  of  all  marks  determining  the  passing  or  rejec. 
tion  of  the  candidate. 

In  case  of  any  three  members  of  the  board  being  able  to  meet  to  hold 
an  examination,  the  latter  might  be  oral  and  the  candidate  be  passed  or 
rejected  solely  by  these  three  members. 
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No  one  who  is  not  a  fnll  member  of  the  American  Society  of  Civil 
Engineers  shoukl  l)e  allowed  to  have  an  examination  ;  Imt  if  this  ar- 
rangement be  adopted,  the  methods  of  voting  upon  candidates  in  the 
American  Society  of  Civil  Engineers  should  be  modified. 

A  candidate  should  be  rerjuired  to  have  had  ten  years'  practical  ex- 
perience (or,  if  a  graduate  of  one  of  certain  specified  technical  schools, 
six  years')  including  at  least  three  years  devoted  to  bridge  work.  By 
following  this  method  none  but  really  competent  experts  would  be  ap- 
pointed. 

The  Board  of  Examiners  should  have  the  powar  to,  at  any  time,  annul 
the  certificate  of  any  inspector,  when  projjer  reason  therefor  exists. 

Maximum  charges  for  inspection  should  he  fixed  by  the  Govern- 
ment, but  these  limits  should  be  high  and  based  upon  a  salary  of  at  least 
one  thousand  dollars  per  month.  Otherwise  competent  engineers  would 
not  care  to  practice  at  bridge  inspection. 

2.  There  are  two  kind  of  bridge  inspection,  viz.  : 

A.  Inspection  of  structures  whose  dimensions  are  not  on  record. 

B.  Inspection  of  structures  whose  dimensions  are  on  record. 
The  former  is,  of  course,  much  more  extensive  and  thorough  than  the 

latter.     It  should  be  made  as  follows  or  in  some  similar  way: 

I.  Measure  systematically  the  main  dimensions  of  the  structure  and 
the  sections  of  all  the  principal  members,  recording  them  always  in  a 
certain  manner,  determined  by  experience  to  be  the  best,  so  that  any 
particular  data  may  be  found  immediately  by  inspecting  the  field  notes, 
which,  by  the  way,  should  be  made  in  ink. 

II.  Measure  and  record  systematically  the  sizes  of  all  parts  in  the 
neighborhood  of  each  panel  point  and  each  connection  of  main  members, 
showing  number,  spacing  and  diameter  of  rivets,  the  packing,  including 
the  distance  of  center  line  of  each  piece  from  plane  of  symmetry,  dimen- 
sions of  eyed)ar  heads,  thickness  of  bearings,  and,  in  short,  every  dimen- 
sion that  could  under  any  circumstances  be  required. 

III.  Measure  and  record  systematically  all  the  details  of  main  mem' 
bers  between  panel  points  or  connections,  for  instance,  sizes  of  lacing 
bars,  stay  plates,  stiffening  angles,  etc. 

IV.  Examine  the  structure  carefully  to  find  any  faults  in  manufact- 
ure or  design,  such  as  loose  or  unequally  strained  tension  members, 
bad  packing,  omission  of  fillers,  bad  riveting,  twisted  or  otherwise  dis- 
torted members,  inefficient  bracing,  loose  connections,  etc.,  also  the 
effect  of  wear  such  as  loose  rivets,  bent  pins,  rust,  decayed  timber, 
cracked  castings  and  defective  masonry  or  other  material  at   pedestals. 

V.  Look  to  the  efficiency  of  the  floor  system  pro2)er,  viz. :  the  ties, 
rails  and  guards,  also  to  the  means  of  protecting  structure  from  injury 
by  fire,  derailment,  vibration,  etc. 

YI.  Examine  thoroughly  and  make  notes  upon  the  sul)structure, 
giving  the  pi-incipal  measurements,  quality  and  condition  of  materials, 
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etc.  Describe  the  crossing  oi'  the  stream  or  chasm,  noting  if  possible, 
high  and  low  water,  velocity  of  stream,  and  any  other  information  that 
may  be  of  use. 

YII.  Note  the  effect  ui:)on  the  bridge  of  rapidly  passiug  trains,  meas- 
uring and  recording,  if  thought  necessary,  the  deflections. 

VIII.  Note  if  possible  names  of  designer  and  manufacturer  and  date 
of  erection. 

IX.  Recoi'd  in  note-book  the  names  of  the  members  of  the  inspecting 
j)arty,  the  date  and  the  time  spent  in  making  measurements. 

The  inspection  of  structures  whose  dimensions  are  on  record  should 
be  made  simply  with  the  view  of  ascertaining  the  effect  of  wear  upon 
the  structure. 

The  items  are  mentioned  under  the  previous  headings  numbered  IV, 
V,  VI  and  VII.  Before  making  such  an  inspection  the  inspector  should 
read  carefully  the  notes  of  the  jirevious  inspections,  and  determine 
■where  to  look  specially  for  the  effects  of  wear. 

3.  There  should  be  not  one  but  a  number  of  standards  for  rolling 
loads,  graded  according  to  the  train  Aveight  and  the  present  and  probable 
future  traffic. 

It  would  be  a  great  waste  of  money  to  require  the  small  western  roads 
to  adopt  bridges  calculated  to  carry  the  heaviest  traffic  in  the  country. 
It  is  no  serious  matter  for  a  railroad  company  to  remove  and  replace  a 
structure  that  is  too  light  for  an  increased  traffic;  for  the  light  bridge 
can  generally  be  used  on  one  of  their  branch  lines,  or,  if  well  designed, 
be  sold  to  some  other  road. 

For  proportioning  the  floor  system  and  primary  truss  members  the 
amount  and  distribution  of  weight  of  one  or  more  standard  typical 
engines  should  be  used,  but  the  chord  stresses  of  trusses  should  be  cal- 
culated for  a  uniformly  distributed  load,  and  the  web  stresses  of  trusses 
for  another  uniform  but  advancing  load  headed,  if  thought  necessary, 
by  an  engine  excess  and  even  followed  by  another  engine  excess,  if  so 
much  refinement  of  calculations  be  considered  advisable. 

The  second  engine  excess  could  be  assumed  at  the  nearest  panel 
point. 

The  ultra  refinement  of  calculating  the  effect  of  engine  load  concen- 
trations upon  main  members  of  trusses  can  be  fully  api^reciated  only  by 
the  computers  of  bridge  companies  whose  time  is  utterly  wasted  in  this 
manner. 

It  seems  hardly  necessary  to  mention  that  the  equivalent  uniform 
loads  for  both  chords  and  webs  should  vary  with  the  length  of  span. 

4.  It  is,  indeed,  most  expedient  to  adopt  a  standard  bridge  floor. 
The  requirements  for  same  should  be  : 

I. — That  it  carry  safely  acro.ss  the  structure  a  derailed  locomo- 
tive or  train  without  moving  out  of  position  a  single  tie. 
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II. — That  it  be  designed  to  prevent  the  starting  of  vibrations 
that  would  be  prejudicial  to  the  structure. 

III. — That  it  provide  a  j)lace  of  refuge  from  j^assing  trains  for 
persons  on  the  bridge. 

IV.  — That  its  cost  be  made  a  minimum. 

To  accomplish  the  above  the  writer  would  recommend  that  the 
stringers  be  placed  directly  under  the  rails,  that  the  ties  be  of  6  x  8-inch 
timbers  laid  on  fiat  and  spaced  twelve  inches  centers,  that  every  sixth  or 
seventh  tie  extend  over  the  whole  clear  width  of  structure  so  as  to 
support  at  each  end  a  longitudinal  3  x  12-inch  plank  for  a  foot  walk,  the 
remaining  ties  not  exceeding  seven  feet  in  length;  that  every  tie  be 
bolted  at  each  end  to  the  stringers  or  to  wooden  shims  resting  thereon, 
and  which  are  rigidly  bolted  to  same;  and  that  no  outer  guard  mils  be 
used,  but  instead  inner  guard  rails  of  angle-irons  placed  about  six  inches 
clear  of  the  rails  and  bolted  to  alternate  ties,  these  guards  to  extend  on 
to  the  embankment,  where  they  should  be  drawn  gradually  together  and 
terminated  by  an  acute-angled  frog. 

5.  Yes.  The  limit  of  pin-connected  spans  should  be  not  less  than 
one  hundred  feet,  but  lattice  girders,  as  ordinarily  built,  should  be  ruled 
out,  and  single  intersection  triangular  riveted  girders  used  instead, 
great  care  being  paid  to  the  proportioning  of  details,  and  metal  and 
rivets  being  used  liberally  in  the  design. 

6.  By  all  means,  and  the  limiting  width  should  be  small. 

7.  Yes,  in  districts  at  all  thickly  populated;  but  not  for  some  time  to 
come  ujjon  the  roads  of  the  far  West. 

8.  Legislation  as  to  all  these  points  is  not  only  expedient  but  is  fast 
becoming  an  absolute  necessity.  The  condition  of  many  bridges, 
especially  in  the  West,  is  something  frightf;il.  Any  man  has  the  right  to 
call  himself  a  bridge  builder  and  to  help  fill  the  country  with  man-traps 
of  the  worst  descrij^tion. 

There  are  many  bridges  in  the  West  in  which  the  iron  is  every  day 
over-strained  from  fifty  to  one  hundred  per  cent. — this  under  the  assumi^- 
tion  that  the  live  loads  are  applied  without  imijact,  while  in  reality  the 
structures  are  so  loose-jointed  that  the  vibrations  induced  thereby  must 
cause  the  dynamic  effect  to  increase  the  calculated  stresses  by  at  least 
fifty  per  cent. 

The  difiBculty  is  and  has  been  that  railroad  managers  and  chief 
engineers,  capable  men  as  they  generally  are,  are  entirely  incompetent  to 
pass  judgment  on  the  merits  of  bridge  designs  submitted  for  their 
approval,  so  they  generally  let  the  work  to  the  lowest  bidder  and  thus 
accejjt  in  many  cases  the  most  ineflfif*ient  design. 

They  have  a  notion  that  they  are  jjossessed  of  very  sound  practical 
ideas  about  bridges,  while,  in  truth,  they  are  ignorant  of  the  first  prin- 
ciples of  design. 


284      INSPECTIOX    AXD    MAIXTEN"AXCE    OF    k'y    STRUCTURES. 

The  only  safe  method  for  siich  men  to  adopt  is  to  employ  the  services 
of  an  exi^ert  in  bridge  designing,  and  the  only  safe  method  for  the  coun- 
try in  general  is  to  pas-;  a  law  compelling  all  railroad  hridg<>  comjianies 
to  submit  both  diagrams  of  st; esses  and  working  drawings  for  apijroval 
by  either  a  State  Bridge  Engineer  or  a  board  of  engineers  legally  a-p- 
jjointed. 

9.  Ther.^  is  no  method  which  will  have  a  more  beneficial  effect  upon  the 
quality  of  future  bridges  than  that  of  organizing  an  association  of  biidge 
designers  and  builders  for  tlie  inirj^ose  of  discussing  bridge  designing 
in  all  its  details  with  the  ultimate  object  of  adopting  standard  bridge 
si)ecifications  so  complete  that  upon  looking  over  a  design  any  compe- 
tent engineer  can  determine,  without  any  doubt,  whether  the  proposed 
structure  be  fully  up  to  the  specifications  in  the  most  minute  particular. 
Such  an  idea  is  by  no  means  Utopian,  although  it  will  no  doubt  be  char- 
acterized as  such  by  many  engineers. 

It  might  take  several  years  to  arrive  at  the  object  of  such  an  organi- 
zition,  but  if  the  latter  were  composed  of  the  right  kind  of  men,  and 
if  a  committee  of  them  were  well  paid  by  the  Government  for  their 
time,  and  permitted  to  make  experiments  upon  bridge  material  with 
Government  money,  there  would  be  no  doubt  about  its  success.  If  the 
Government  is  willing  to  sp?nd  millions  upon  a  study  of  the  physics 
and  hydraulics  of  the  great  rivers,  why  should  it  not  be  willing  to  de- 
vote a  million  or  even  half  a  million  of  dollars  to  the  investigation  of 
how  to  build  first-class  bridges  at  the  minimum  expense  ? 

Can  any  engineer  have  any  doubt  about  the  value  of  such  experi- 
ments, if  made  systematically  and  with  a  practical  object  always  in 
view  when  making  each  experiment  ? 

At  the  meeting  of  such  an  organization  every  word  spoken  should 
be  recorded,  printed  and  distributed  for  further  comment.  This  woukl 
result  in  obtaining  the  views  of  engineers  not  in  the  association,  and  in 
insuring  tt)  every  man  in  the  profession  an  opportunity  to  present  his 
opinions  to  the  jiublic,  if  said  opinions  were  worthy  of  such  presentation. 

Why  cannot  such  an  organization  be  formed  under  the  auspices  of 
the  American  Society  of  Civil  Engineers  ? 


E.  S.  Philbeick,  M.  Am.  Soc.  C.  E.— I  have  hurriedly  put  down  some- 
thing in  reply  to  the  circular.  It  is  based  upon  our  experience  in  the 
State  of  Massachusetts,  where  legislation  through  a  railroad  commission 
has  done  much,  we  think,  towards  an  culightened  guidance  of  railway 
administration  on  such  points  as  regards  the  public  safety.  The  cardi- 
nal principle  with  us  is  publicity  in  all  facts,  and  the  strict  accounta- 
bility of  every  corporation  to  an  enlightened  public  opinion.  Otir  com- 
mission has  done  much,  we  think,  too,  towards  educating  and  creating 
such  a  public  opinion,  which,  in  a  democratic  community  is  a  mighty 
sovereign. 
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1.  Railways  should  lie  required  by  law  to  file  plans  and  specifica- 
tions describing  each  of  their  bridges  in  detail,  with  such  uniformity 
as  can  be  secured,  in  the  ofiice  of  a  State  Board  of  Commissioners  who 
should  be  authorized  to  emjiloy  experts  to  examine  and  I'eport  upon  the 
sufiiciency  of  such  plans,  etc. 

An  annual  inspection  and  report  should  be  made  upon  every  bridge 
by  an  inspector  in  the  employ  of  the  owner  of  such  bridge. 

2.  Proper  bridge  inspection  should  include: 

{<(.)  An  examination  of  the  strain  sheet  to  see  if  it  is  based  iipon 
proper  loads,  and  that  it  is  computed  to  show  the  maximum 
strains. 

(/;.)  An  examination  of  the  dimensions  of  every  member  to  ascer- 
tain the  actual  unit  strains  by  comparing  with  strain  sheet. 

(c.)  A  search  for  signs  of  depreciation  and  wear,  such  as  loose 
rivets  in  riveted  members,  excessive  deflection  under  rolling 
loads,  inefficient  lateral  bracing,  loose  bolts  or  screws,  rust. 
Hidden  jiarts,  not  accessible  to  paint  or  to  vision  should  be  con- 
demned. 

((/.)  Change  of  form  in  any  combination  or  single  member. 

3.  Prudence  requires  us  to  anticipate  the  future  possible  and 
probable  increase  of  the  weight  of  rolling  stock  by  using  heavier 
standards  than  those  in  actual  use  ujion  any  railway  in  question. 
But  it  may  not  be  proper  to  apply  the  same  standard  indiscrimi- 
nately to  all  lines.  Regard  should  be  had  to  the  probable  nature  of 
the  trafiic  and  whether  or  not  it  is  connected  with  other  lines  from 
which  traffic  is  received  from  remote  parts  or  whether  it  is  compara- 
tively isolated  and  independent  of  foreign  rolling  stock.  For  all 
trunk  lines  which  look  for  a  large  traffic  from  considerable  distances 
a  standai'd  rolling  load  and  wheel  load  with  axle  distances  for  loco- 
motives could  and  should  be  adopted. 

4.  Standard  should  be  adojited  for  bridge  floors,  varying  somewhat 
according  to  the  volume  and  nature  of  the  traffic. 

5.  Bridges  with  buckle-plate  floors  and  continuous  ballast  aff'ord 
the  advantage  of  a  more  smooth  and  noiseless  track  and  greater 
security  in  case  of  derailment,  but  they  are  open  to  the  serious 
defect  of  concealed  rust,  and  are,  in  the  writer's  oi^inion,  not  to  be 
recommended  for  this  reason. 

6.  Some  safety  guard  should  be  applied  at  all  openings  in  the  road 
bed  over  ten  feet  in  length. 

7.  Level  crossings  should  never  be  allowed  for  tracks  used  by  differ- 
ent administrations,  unless  protected  by  interlocking  signals  and  derail- 
ing apparatus  or  its  equivalent. 

8.  Legislation  is  expedient  if  so  arranged  and  guarded  as  to  never 
relieve  the  railway  company  from  its  responsibility  in  case  of  neglect 
or  break  down.     It  is  preferable  to  have  a  State  Board  of  Commis- 
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sioners,  Tv-hose  duty  it  should  l)e  to  see  that  all  railways  within  each 
State  conform  to  statutes  and  to  all  reasonable  safeguards.  Publicity 
through  such  a  board  can  effect  much  reform,  though  their  eflBciency 
must  largely  depend  upon  the  earnestness,  tact  and  industry  of  the 
members. 

9.  It  may  not  be  so  easy  to  induce  any  considerable  number  of 
railway  superintendents  to  meet  and  discuss  such  subjects  as  in  the 
ca.se  of  manufacturers  of  rolling  stock,  but  if  they  could  be  so 
induced,  much  good  would  result  by  the  interchange  of  ideas  and 
the  broadening  of  views  among  men  who  are  tempted  to  become 
routinists  from  living  in  too  narrow  a  circle. 


Andrew  Beyson,  M.  Am.  Soc.  C.  E. — In  reply  to  your  circular  re- 
lating to  the  inspection  and  maintainance  of  railway  structures,  the 
following  is  submitted,  embodying  in  as  concise  a  manner  as  possible, 
some  of  the  writer's  ideas  concerning  the  questions  therein  asked. 

1.  What  measure,  legal  or  other,  can  be  taken  to  insure  a  proper 
inspection  of  railway  bridges  ? 

Compel,  by  act  of  Legislature,  every  railway  company  to  either  keep 
in  their  employ  competent  men  to  ins^ject  their  bridges,  or  to  have  an 
insiiection  made  at  least  once  a  year  by  some  competent  outside  en- 
gineer ;  also  furnish  strain  sheets  and  detail  drawings  to  the  Eailroad 
Commissioners,  who  should  have  a  sufficient  force  of  experts  in  their 
■employ  to  verify  the  proportioning  of  parts,  and,  if  deemed  necessary, 
verify  also  the  structures  as  built  and  see  that  they  correspond  with  the 
drawings  and  calciilations.  A  printed  form  for  inspection  reports  should 
be  prescribed  to  be  filled  out  by  every  inspector,  for  each  structiire  ex- 
amined, showing  in  minute  detail,  when  and  how  the  examination  was 
made.  These  reports  to  be  made  in  trii^licate.  One  copy  to  be  retained 
by  the  examining  engineer,  one  to  go  to  the  railway  company  and  the 
other  to  be  sent,  by  the  insjoector,  to  the  Railroad  Commissioners,  each 
one  to  be  signed  by  the  inspector,  with  date  and  post-office  address  sub- 
joined. 

2.  What  is  jaroper  bridge  inspection  ? 

It  consists  of  two  separate  and  distinct  examinations,  one  purely 
theoretical  and  the  other  practical ;  either  one  alone  is  little,  if  any, 
better  than  none  at  all,  1st,  the  sti-ain  sheet  must  be  verified  ;  2d, 
the  proportioning  of  parts  to  meet  the  requirements  determined  by  the 
specifications  and  strain  sheet ;  and  3d,  an  actual  detailed  examination 
of  the  structure  from  bed  plates  to  ties  and  rails.  On  roads  run- 
ning frequent  and  heavy  trains,  one  or  more  members  subjected  to 
sudden  shocks,  like  floor-beam  hangers,  should  l)e  taken  out,  replaced 
by  new,  and  tested  to  destruction,  with  a  careful  record  kept  in   the 
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"Bridge  Book."  Oue  or  more  of  these  small,  easily  removed  members 
from  each  bridge,  should  be  tested  every  year.  Short  riveted  truss 
bridges  should  have  a  member  of  the  truss  taken  out,  replaced  by  a 
new  oue,  and  tested,  once  in  every  five  (5)  or  ten  (10)  years,  depending 
on  the  amount  of  traffic  passing  over  it.  Once  in  eight  (8)  to  twelve  (12) 
years  (depending  on  the  amount  of  traffic)  all  truss  bridges  under,  say 
150  feet  span,  should  have  a  truss  member  removed  and  tested. 

3.  Should  there  not  be  a  standard  specified  rolling  load  much 
heavier  than  as  now  used  and  a  specified  -wheel  base  for  rolling  loads? 

I  think  more  than  one  standard  should  be  prescribed  to  correspond 
with  the  nature  of  the  traffic  and  importance  of  the  line.  It  would  be 
something  of  a  hardship  and  waste  to  force  a  road  running  five  or  six 
trains  a  day,  with  thirty  (30)  ton  engines,  with  no  prospective  increase 
either  in  number  of  trains,  or  weight  of  engines,  to  build  such  struct- 
ures as  would  be  required  for  another  road  running  a  great  number  of 
trains  and  seventy  (70)  or  eighty  (80)  ton  engines. 

4.  Is  it  not  expedient  to  adopt  a  standard  l^ridge  floor  ? 

It  seems  to  me  that  if  the  width  aud  strength  of  floor  were  specified 
the  manner  of  meeting  these  requirements  might  be  left  to  the  individ- 
ual designers.  Guard  timbers  should  b3  prescribed,  one  style  high, 
for  southern  roads,  another  low  for  northern  loads.  Where  snow- 
plows  are  used,  they  are  about  thirteen  feet  wide,  having  the  jjIow 
proper  as  close  to  the  rail  as  possible  ;  consequently  high  guards  near 
the  rails  cannot  be  used.  In  the  writer's  opinion,  however,  an  iron 
guard  railing  in  addition  to  the  ordinary  track  guards,  should  be  used, 
high  enough  to  bear  against  the  body  of  a  car  in  the  event  of  derail- 
ment. This  guard  railing  could  be  easily  braced  outside,  by  an  ex- 
tension of  the  floor  beams,  and  extended  beyond  the  ends  of  the 
bridge,  gradually  widening  so  as  to  form  a  i^erfect  protection  to  the 
structure  ;  they  could  be  placed  wide  enough  apart  to  pass  snow-jjlows, 
and  yet  the  angle  that  a  car  could  take  would  be  slight,  so  there  would 
be  no  possibility  of  going  through  the  truss,  or  if  a  deck  bridge,  of 
going  over  the  side.  With  ties  laid  close  enough  to  carry  a  derailed 
truck  as  should  certainly  be  the  case,  such  accidents  as  have  occurred 
during  the  past  year,  in  one  or  two  instances,  would  be  rendered  well- 
nigh  imi^ossible.  Greased  timber  wales  might  be  attached  to  this  guard 
railing  and  some  spring  action  proyided,  similar  to  ferry  slip  guard 
piling,  to  take  up  any  possible  shocks. 

5.  Should  not  bridges  of  small  span  be  made  strong  enough  for  a 
buckle-i^late  floor,  etc.  ? 

Yes  ;  but  I  am  not  prei)ared  to  say  up  to  what  span.  To  6  and  7  I 
would  say  yes,  in  capital  letters. 

As  to  question  8,  legislation  seems  to  me  to  be  desiralile  as  being 
probably  the  surest  way  of  enforcing  necessary  safeguards  ;  it  is,  how- 
ever, a   technical  question  and   the  proper  requirements   can   only  be 
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proj^erly  specified  by  teclinical  men.  To  that  end  it  would  seem  emi- 
nently proper  for  the  leading  engineering  society  of  the  coimtry  to 
.adopt  a  series  of  "suggestions"  which  should  by  act  of  legislature, 
become  si)ecifications,  with,  at  the  same  time,  power  given  to  tlie  Eail- 
road  Commissioners  to  enforce  the  same  ;  jienalties  for  non-compliance 
with  the  act  to  also  be  incorporated  with  it. 

Bridge  insi^ections  are  altogether  too  lial)le  to  lie  made  in  a  piirely 
perfunctory  manner.  Sometimes  those  in  authority  over  the  engineer 
are  exceedingly  chary  of  granting  requisitions  for  repairs  of  structures  ; 
if  weakness  is  susi^ected  no  aid  is  given  to  prove  the  case  one  way  or 
the  other,  but  arguments  are  brought  forward  to  disabuse  the  engineer's 
mind  of  its  "  scare  ;"  therefore  an  engineer  should  not  only  be  allowed 
to  make  liis  examination  as  carefully  as  possible,  even  to  taking  out 
members  for  test,  but  he  should  be  compelled  by  law  to  do  so.  When 
railway  managers  find  their  engineer  is  obliged  to  report  the  exact  con- 
dition of  each  structure  in  writing,  over  his  own  signature,  not  only  to 
the  comijany,  but  also  to  the  State,  they  will  know  in  case  of  accident 
just  where  the  blame  should  lie,  and  engineers  with  rather  weak  si)inal 
columns,  afraid  to  come  out  boldly  and  say  "this  is  unsafe,  I  will  not 
be  responsible  for  it,"  will  find  their  vertebra^  very  materially  strength- 
ened by  such  a  law. 

KoBEKT  A.  Shailer,  M.  Am.  Soc.  C.  E. — My  experience  has  taught  me 
that  the  many  damaging  abuses  to  the  parts  comprising  an  iron  or  steel 
bridge,  such  as  severe  drifting  of  holes,  bending  plates  cold,  etc.,  are 
far  more  likely  to  arise  during  the  erection  of  a  structure  than  while  the 
same  is  being  fabricated  in  any  of  our  reputable  bridge  woi'ks;  and  I 
therefore  desire  to  emphasize  the  fact,  that  not  only  in  the  shops  and 
after  erection  is  inspection  necessary,  but  also  during  the  process  of 
erection. 

There  seems  to  be  no  inspector  i)resent  to  speak  for  that  useful  branch 
of  our  profession,  so  in  their  cause  I  will  remark  that  inspectors  are  but 
human  beings,  and  therefore  cannot  be  relied  upon  to  be  in  more  than 
one  place  at  a  time,  or  to  see  things  not  visible  to  the  naked  eye. 

Granted  that  we  have  a  good  and  faithful  inspector,  those  of  us  who 
design  bridges  must  not  try  to  sail  too  close  to  the  wind,  so  to  sjieak,  in 
the  matter  of  details,  but  must  be  sure  to  have  them  strong  enough,  es- 
pecially in  all  field  connections,  even  if  the  bearing  surfaces  are  not  per- 
fect, or  there  are  a  few  loose  rivets,  or  any  other  defects  creep  in  which 
the  inspector  has  not  discovered  or  has  been  unable  to  jirevent  or 
rectify. 

Guard  rails  on  a  bridge  are  useful  for  two  purjDoses:  first,  to  keep  de- 
railed wheels  close  to  the  rail  and  thus  jn-event  the  trucks  from  slewing 
round;  and  second,  to  keep  the  ties  from  bunching  when  a  derailed 
train  is  pounding  over  them. 
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The  distance  between  the  edge  of  the  guard  and  track  rails  shouhl 
be  just  sutticient  to  allow  a  driving  -wheel  of  a  locomotive  to  droj)  down 
between  the  two  said  rails.  Ordinary  old  rails  i^laced,  say  10  inches 
inside  of  track  rails,  and  carried  two  or  three  hundred  feet  beyond  the 
ends  of  the  truss  bridges,  and  there  brought  together  to  a  point  at  the 
center  of  track,  will  fulfill  the  first  j^urpose  of  a  guard  rail  admirably; 
and  a  10  X  10  or  12  x  12  inch  timber  notched  over  the  ties  at  or  near 
their  ends,  will  prevent  the  latter  bunching,  and  if  said  timbers  are  well 
bolted  will  serve  as  an  extra  safety  stringer.  6x8  strips  notched  into 
the  ties  and  placed  10  inches  outside  of  the  track  rails  will  be  cheaper 
than  above  and  will  answer  both  purposes. 

If  the  trucks  of  a  car  get  slewed,  so  as  to  cause  the  wheels  to  mount 
and  jump  over  guard  rails  placed  as  above,  nothing  short  of  a  miracle 
Avill  save  the  truss  from  being  wrecked. 


W.  A.  Haven,  M.  Am.  Soc.  C.  E. — The  inspection  and  maintenance 
of  railroad  structures  is  a  subject  on  which  I  have  maintained  opinions, 
and  I  should  have  liked  to  be  present  at  the  discussion  by  the  Conven- 
tion, or  to  have  sent  you  some  of  my  views  in  writing,  but  you  know 
I  am  not  yet  able  to  sit  up  long  enough  to  write  a  page.  These  are  very 
important  matters,  and  I  hope  a  good  committee  will  be  appointed  to 
get  the  opinions  of  the  members  of  the  Society.  I  will  try  to  send 
them  my  ideas.  I  will  only  in  this  place  say  that  the  American  Society 
of  Civil  Engineers,  should  not  allow  that  there  is  a  standard  of  goodness 
(except  the  Anglo-Saxon's  weights  and  measures),  and  the  very  idea  of 
ixniformity  in  railroad  structures  is  a  step  backward. 

One  thing  however  I  would  say,  viz. :  Suggestion  No.  6  is  good  and 
there  are  some  contrivances  equally  as  good,  say  the  Latimer  guard 
combined  with  the  Erie  Eailroad  shunt  system,  and  posts  at  end  of 
bridges,  should  l)e  recommended  for  all  bridges  over  30-feet  span. 


J.  M.  Goodwin,  M.  Am.  Soc.  C.  E. — Any  insisection  of  a  bridge,  or 
like  structure,  made  by  a  person  of  fair  intelligence  and  capacity  for 
observation,  intending  to  ascertain  the  existing  facts  in  the  matter  of 
the  physical  condition  of  such  structure,  with  the  purjDose  of  reiJorting 
the  results  of  liis  inspection,  will  be  measurably  useful ;  now  and  again 
an  iusijection,  merely  suiJerficial,  will  opportunely  discover  conditions,  a 
continuance  of  which  even  for  a  few  hours  beyond  the  moment  of  ob- 
servation would  result  in  disaster.  And  one  may  properly  agree  that 
perfunctory  "  inspections,"  made  by  employees  of  a  railway  company 
or  by  State  officials  or  their  emjiloyees,  have  some  elements  of  value. 
But  a  periodic  inspection  of  the  bridges  of  a  railway,  or  of  the  railway 
bridges  of  a  State,  as  such  oiDeration  is  ordinarily  performed,  is  hardly 
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anythiug  more  than  a  ceremonious  observance  of  some  loosely  con- 
structed mandatory  clause  of  a  statute.  And  such  "  inspection  "  may 
l)e  worse  than  useless  in  its  results,  as  it  would  be  in  any  case  Avbere  an 
inspector  should  fail  to  condemn  an  insecure  bridge. 

The  Ashtabula  Bridge  was  "  inspected  "  periodically  from  the  time  of 
its  erection  up  to  the  time  of  its  collapse.  The  inspector  was  thorough 
in  his  examination  :  he  regularly  went  through  the  bridge  (double- 
track  deck  bridge),  and  saw  every  part  of  it  ;  but  at  every  such  in- 
spection he  looked  with  unappreciating  eyes  at  conditions,  the  sight  of 
which,  had  he  possessed  the  knowledge  of  a  bridge  specialist  of  the 
present  day,  would  have  induced  him  to  first  get  himself  carefully  out 
of  the  bridge,  and  to  immediately  thereafter  cause  suspension  of  all 
traffic  over  the  structure. 

This  inspector  regulaily  reported  the  bridge  "  all  right,"  or  to  speak 
more  exactly  did  not  report  it  as  in  any  way  "  wrong  ;"  and  the  railway 
company,  relying  on  the  care  and  intelligence  of  a  man  of  proved  faith- 
fulness, and  general  efficiency  as  a  boss  carp;'nter,  had  no  doubts  as 
to  the  sufficiency  of  the  bridge.  Now  the  inspection  performed  in  this 
case  was  quite  critical  in  comparison  with  that  ordinarily  given,  even  at 
this  late  day,  by  persons  going  through  the  form  of  inspection  to  satisfy 
the  letter  of  some  "law." 

Doubtless  in  some  cases,  and  perhaps  in  many  cases,  the  person 
employed  by  a  State  Board  to  inspect  the  railway  bridges  of  its  State,  is 
entirely  competent  to  conduct  a  proper  inspection  of  any  ordinary  rail- 
Avay  bridge  ;  but  under  current  i^ractioe  merely  cursory  or  superiieial 
inspections  are  in  such  cases  made.  The  operation  of  looking  at  a 
bridge  from  the  rear  platform  of  a. car  running  over  such  bridge,  may 
be  held  to  be  a  "cursory  '  inspection  ;  and  any  inspection  which  does 
not  go  beyond  looking  at  a  thing  is  "superficial"  according  to  the  in- 
tent of  my  nomenclature. 

In  answer  to  the  question  "What  is  proper  bridge  inspection?" 
one  may  broadly  say  it  is  an  inspection  through  which  the  elements, 
material  and  structural,  and  the  ijhysical  condition  of  the  bridge  in- 
spected arc  developed  and  set  forth,  by  descrii^tiou  and  diagram  respect- 
ively, in  a  report  explicitly  and  exactly  treating  each  and  every  fact 
and  detail  of  consequence  in  the  matters  under  examination.  For  a  plan 
or  scheme  according  to  which  such  inspection  may  best  be  made  we 
should  apidy  to  the  bridge  specialists  as  best  qualified  to  supply  such 
Ijlan.  But  let  the  plan  include  the  making  of  a  plain  statement,  in  the 
nature  of  a  deduction  from  the  ascertained  facts  in  the  case,  wherein  the 
inspector  shall,  under  pledge  of  his  honor  and  professional  reputation, 
judge  the  bridge  ;  and  shall  say,  explicitly,  all  that  in  view  of  the  as- 
certained facts  he  ought  to  say. 

If  the  several  societies  of  civil  engineers  of  America  will,  by  a  con- 
gress of  delegates,  instructed   for  the  purj^ose,  formulate  a  scheme  for 
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inspection  of  railway  Itridges  ;  and  if  the  iirofession,  as  a  body,  will 
thereafter  discountenance  the  employment,  by  railroad  companies  or  by 
State  authorities,  for  the  making  of  inspections,  of  persons  not  engineers 
of  standing  and  proved  ability,  proper  inspections  of  railway  bridges 
will  quite  promptly  follow. 

But  no  inspection  of  a  railway  bridge  made  by  a  person  who  will  be, 
hoAvever  remotely,  adversely  affected  by  a  condemnation  or  unfavorable 
criticism  of  the  structure,  will  be  accepted  by  the  public  as  a  thoroughly 
"proper"  inspection.  Hence,  inspections  of  the  kind  herein  considered, 
i.  e.  :  those  made  for  the  purpose  of  securing  i^roper  construction  and 
maintenance  of  public  highways,  are  properly  to  be  made  by  judi- 
ciously selected  agents  of  the  laublic. 

Question  3  of  the  circular  is  hardly  to  be  answered  by  a  bare 
"yes  "or  "no;"  nor  could  one  venture  to  ansAver  excej^t  after  a  state- 
ment of  his  view  of  the  several  and  various  existing  conditions  neces- 
sarily to  be  considered  in  order  to  the  forming  of  an  intelligent  opinion 
in  the  matter.     Hence,  as  time  does  not  serve,  I  jjass  this  query. 

In  regard  to  bridge  floors  I  am  of  opinion  that  every  railway 
bridge  should  be  floored  so  that  a  locomotive  may  smoothly  travel  on 
the  floor,  from  end  to  end  of  the  bridge  ;  such  floor  need  be  no  more 
than  two  feet  wider  than  the  gaiige  of  the  track  ;  it  should  have  a  high 
and  very  stout  guard  rail  (angle-iron  on  timber,  or  an  equivalent  ar- 
rangement) on  each  edge  of  it.  These  guard  rails  should  extend  for 
some  distance  outward  from  each  end  of  the  bridge,  flaring  out  from 
the  I'ail  so  as  to  catch  and  lead  toward  the  rail  any  derailed  wheel  en- 
countering either  of  them. 

Every  "opening,"  however  narrow,  should  be  provided  with  similar 
safeguards.  With  these  in  use  the  suggested  "  continuous  coat  of  bal- 
last "  carried  by  "  plate  floor,"  across  minor  openings,  will  be  unneces- 
sary. 

Question  6.  The  "Latimer"  replacer  has  in  several  notable  in- 
stances, of  record,  saved  trains,  and  bridges,  from  Avreek.  This  very 
effective  apparatus  for  replacing  on  the  rail  derailed  Avheels,  should  be 
set  iu  each  approach  to  every  bridge. 

Question  7.  Where  one  railway  crosses  another  at  grade  means  should 
be  used  for  positively  preventing  "  crossing-collisions."  Use  of  "  inter- 
locking "  apparatus,  in  connection  Avith  derailing,  or  diA-erting  switches, 
is  certainly  effective  in  this  regard,  and  should  be  universal. 

Question  8.  As  to  legislation  as  a  means  for  bringing  about  desirable 
reforms  and  improvements  in  railway  practice  and  appliances:  The 
instances  in  which  legislation,  had  with  the  jjurpose  indicated,  has 
worked  more  harm  than  good,  are  very  much  more  numerous  than  those 
in  which  the  opposite  effect  has  been  noted.  Guided  by  common  law, 
courts  decree  that  railroads  must  employ,  in  the  service  of  the  j)ublic, 
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of  all  tlevices  knowu,  tliose  which  have  approved  themselves  to  be  the 
best;  failing  to  do  tliht  they  must  make  good  all  damage  sustained  in  con- 
sequence of  such  failure,  as  far  as  money  can  make  such  damage  good. 
A  statute  might  say  that  a  certain  contrivance  is  better  than  any  other 
of  its  class.  But  that  would  not  bar  evidence,  on  occasion,  showing 
that  such  contrivance  is  not  as  good  as  some  other  well-known  appli- 
ance.    The  statute  cannot  hold  against  the  common  law. 

I  see  no  necessity  for  special  legislation  in  behalf  of  the  objects 
under  consideration. 

Question  9.  I  think  that  the  Society  will  do  well  to  cause  the  ap- 
pointment of  a  committee  of  its  members  to  prepare  a  set  of  resolutions 
intended  to  serve  as  a  presentation  of  the  sense  of  the  Society  in  the 
matter  of  insi^ection  of  railway  bridges.  These  resolutions  to  be  sub- 
mitted to  members,  by  circular,  with  request  for  comments  and  sugges- 
tions. The  committee  then  to  revise  the  resolutions,  and,  if  cause  apjoear, 
amend  them.  The  adojition  of  the  resolutions  to  be  then  put  to  vote 
by  letter-ballot;  and  if  a  majority  of  members  be  in  favor  of  adoijtion, 
the  resolutions  adopted  to  be  declared  as  setting  forth  the  sense  of  the 
Society.  Following  this  the  resolutions  would  be  submitted  to  sister 
societies  for  concurrent  action.  If  this  be  secured,  the  co-oijerating 
societies  to  i:)roceed  in  the  inspection  aftair  together.  Otherwise  the 
American  Society  to  stand  to  the  front  alone. 


Albert  Lucius,  M.  Am.  Soc.  C.  E. — Herewith  I  beg  you  to  find 
briefly  my  answers  to  the  questions  contained  in  the  circular  headed 
"  Suggestions,"  as  follows,  viz. : 

1.  Hold  the  railwav  companies  strictlv  accountable  for  accidents 
caused  by  failure  of  railway  bridges  on  their  lines. 

2.  I  hold  proper  bridge  inspection  to  consist  in  the  examination  of  * 
all  parts  of  a  bridge  with  the  thorough  knowledge  of  the  stresses  which 
each  member  of  the  bridge  has  to  sustain.  I  would  consider  it  neces- 
sary to  have  a  correct  strain  sheet  of  the  bridge  before  examination  and 
to  weed  out  all^overstrained  details  and  members  even  though  they  do 
not  yet  show  a  positive  defect. 

3.  The  specification  of  stresses  to  be  borne  by  the  various  members 
and  the  rolling  loads  constituting  the  loading  of  a  bridge  must  be  con- 
sidered together.  If  the  various  members  of  a  bridge  are  proijortioned 
by  the  stresses  prescribed  in  the  "Erie  specifications,"  or  specifications 
based  upon  it,  the  train  loads  specified  therein  I  hold  to  be  sufficient  if 
they  are  preceded  by  a  heavy  load  consisting  of  one  consolidation 
engine  and  the  latter  preceded  by  a  yard  engine  of  48  tons  on  a  wheel 
base  of  12  feet.  This  would  insure  heavy  bridges  for  small  ojaeuings  on 
which  the  influence  of  the  impact  of  the  moving  load  is  greatest,  and  it 
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would  insure  heavy  floors,  floor  details  aud  counters  of  long  span 
bridges  Avitliout  increasing  the  chord  members  of  long  spans  unneces- 
sarily. 

i.  I  would  consider  it  expedient  only  to  adopt  a  general  diagram 
establishing  general  proportions,  but  not  bind  all  details  by  fixed  rules. 

5.  I  would  prefer  a  floor  of  closely  laid  iron  ties  on  iron  stringers, 
the  latter  spaced  sufficiently  far  apart  to  give  the  floor  a  certain  small 
amount  of  elasticity,  to  a  floor  made  of  buckle  plates  and  ballasted  as  I 
think  the  latter  retains  moisture  too  long,  assists  corrosion  and  makes 
iusi^ectiou  aud  repairs  more  difticult. 

6.  I  would  favor  the  use  of  Latimer  guards  on  all  through  bridges  and 
on  all  trestle  works  and  deck  bridges  with  intermediate  and  battering 
pins  which  would  be  broken  down  by  a  train  falling  over  the  sides. 
Their  use  on  other  deck  bridges  would  not  be  material  to  the  safety  of 
the  bridge,  but  as  regards  the  safety  of  the  train  I  would  favor  their 
use  on  all  eleck  bridges,  their  approaches  and  on  embankments  espe- 
cially if  the  latter  are  on  curve.  All  deck-bridge  floors  should  be  of 
same  width  as  embankments.  The  end  jjosts  of  through  bridges  might 
be  additionally  protected  by  posts  planted  in  front  of  the  end  posts  and 
braced  back  on  the  bed  plates  of  the  bridges.  This  might  prevent  some 
accidents  caused  by  shifted  loads  or  a  trailing  car,  in  other  cases  though, 
it  would  proliably  not  prevent  a  wreck. 

7.  There  is  such  a  wide  range  in  the  importance  and  location  of  cross- 
ings that  I  would  not  know  how  to  cover  the  whole  case  by  one  specifi- 
cation. I  would  consider  it  highly  desirable,  though,  to  restrict  the 
multiplication  of  grade  crossings  both  of  highways  and  railways,  and 
also  to  ofter  legislative  inducements  to  reduce  the  number  of  the  present 
grade  crossings  according  to  the  importance  of  the  case.  By  legislative 
inducements  in  this  connection,  I  mean  that  negatively — stoppage  of 
trains  or  reduced  si^eedover  grade  crossings,  might  be  enforced. 

8.  I  would  answer  the  same  as  1. 

9.  I  believe  that  the  result  of  the  deliberations  of  a  large  committee 
selected  to  jjrepare  a  report  on  the  subject  matter  of  the  above  sug- 
gestions of  your  circular  would  be  beneficent,  especially  if  it  confined 
its  labors  to  the  preparation  of  a  general  standard  specification  both  as 
regards  loads  and  stresses  by  which  bridges  and  their  members  shall  be 
proportioned  without  prescribing  too  closely  either  the  form  of  structure 
or  the  limits  to  which  different  forms  and  styles  of  girders  or  trusses 
shall  be  used  in  order  to  leave  some  room  to  the  skill  and  individuality 
of  the  designer.  

E.  P.  Dawley,  M.  Am.  Soc.  C.  E. — The  subject  of  inspection  of 
railway  bridges  is  of  great  interest  to  all  of  us,  and  especially  to  such  as 
are  responsible  for  their  care.  Answering  circular  headed  "Suggestions," 
the  writer  would  present  opinions  about  as  follows,  but  while  expressing 
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such  opinions,  would  say  that  liesliould  consider  it  aveiy  valuable  con- 
tribution towards  the  welfare  of  the  general  public  and  a  great  aid  to 
engineers  of  maintenance  of  way  on  our  various  railroads  if  our  Society 
would  put  forward  with  their  recommendation  some  standard  for  rolling 
load,  and  also  agree  generally  upon  jd referred  types  of  bridges,  and 
further,  a  general  outline  of  rules  to  be  observed  in  maintenance  of  rail- 
way bridges. 

This  would  be  likely  to  result  in  a  certain  general  standard  of  excel- 
lence in  these  respects  which  public  opinion  would  cause  most  railroads 
to  accept,  and  at  same  time  individuals  would  be  at  liberty  to  exceed 
such  standards  of  strength  and  methods  of  cars  to  any  extent  that  might 
seem  desirable  to  themselves. 

1.  That  strain  sheets  of  all  bridges,  railway,  highway  and  others,  be 
required  to  be  filed  with  proper  State  aixthority  (railroad  commission  if 
that  should  seem  best).  If  railroad  commission  is  not  made  the  de- 
pository for  everything  of  this  kind,  then  a  duplicate  set  of  suc-h  bridges 
as  are  maintained  by  railroad  companies  to  be  deposited  with  railroad 
commission.  Authority  to  be  given  to  railroad  commission  to  cause 
bridges  to  be  strengthened  if  they  deem  it  necessary. 

But  I  do  not  think  that  legislative  measures  should  go  so  far  as  to 
tend  to  make  railroad  officials  look  for  or  wait  for,  notice  of  defects  from 
any  State  or  other  authority.  In  other  words,  the  State  supervision 
should  always  remain  quite  general  in  its  nature,  and  the  direct  respon- 
sibility be,  and  remain  with  the  railroad  comiianies,  where  it  belongs. 

2.  A  proper  inspection  of  bridges  originally  first  class  and  at  present 
(so  far  as  strain  sheet  and  sections  go)  ample  for  their  loads  would  seem 
to  the  writer  to  be  covered  by  the  following— a  thorough  and  minute 
insi^ection  of  every  part  and  piece  of  the  bridge  to  ascertain,  as  far  as 
may  be  done  by  the  eye  and  the  hand  and  by  the  ear,  the  condition  and 
adjustment  of  each  piece  in  the  bridge.  To  include  a  very  carefi;! 
search  for  loose  rivets. 

Measurements  of  vertical  and  latei-al  deflection  and  measurements  to 
detect  any  movement  of  the  bridge  on  its  foundations  might  be  included. 
Such  an  inspection  to  be  made  once  in  four  months.  Between  times,  an 
insiJection  more  or  less  irregular  to  be  made  not  more  than  a  month 
apart,  sufficiently  close  to  know  that  everything  is  in  place  and  in  good 
order  so  far  as  can  be  readily  seen.  The  more  important  parts  at  such  a 
time,  of  course,  receiving  more  careful  consideration.  The  first  insi^ec- 
tion  described  miglit  be  illustrated  by  saying  that  it  would  probably 
consume  one-quarter  to  one-half  a  day  or  even  a  day  for,  say  a  double 
track  through  bridge  of  100  to  150  feet  span,  for  engineer  and  assistant. 

The  mare  casual  insjjection  might  take  an  hour. 

3.  It  is  doubtless  pretty  well  agreed  among  engineers  that  3  000 
pounds  per  lineal  foot  of  track  is  not  sulliciently  heavy  for  spans  100 
feet  and  less;  that  is,  not  sufliciently  heavy  to  discount  future  service. 
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This  railroatl — the  New  York,  Providence  and  Boston — lias  used  for 
several  years  past  for  rolling  load  a  wheel  diagram  like  cut  below  followed 
by  a  rolling  load  of  3,000  pounds  per  lineal  foot  of  each  track,  the  dead 
load  for  floor  being  500  pounds  per  lineal  foot  of  each  track. 


Z33000lbs.  total. 


I  think  it  simpler,  however,  and  full  as  good,  say  for  plate  girders 
of  75  feet  span  and  iinder,  to  use  5,000  pounds  per  lineal  foot  of  each 
track  for  live  load. 

Strains  allowed  about  the  same  as  Erie  specifications. 

■4.  About  standard  floor.  It  is  to  be  presumed  that  most  roads  already 
have  a  standard  floor  of  their  own,  and  so  long  as  they  ai'e  good  floors  I 
see  no  great  benefit  to  ba  derived  from  having  bridge  floors  on  different 
roads  just  alike.  The  writer  considers  the  following  to  be  a  good  floor, 
and  uses  it  for  standard :  Hard  pine  timbers  8x9  inches  and  26  feet 
long,  supported  below,  in  case  of  a  through  bridge,  bv  seven  stringers, 
for  double  track,  timbers  being  laid  flatwise,  15  inches  center  to  center. 

A  guard  timber,  8x9  inches,  outside  of  each  track,  and  a  third  one 
half-way  between  tracks  which  are  13  feet  centers. 

Guard  rails  running  to  a  jDoint  in  center  of  each  track  are  used  and 
continued  across  the  bridge  7  inches  from  main  rail.  Floor  timbers  to 
be  carried  out  on  to  the  ground,  and  guard  timbers  to  be  made  flaring 
at  ends  of  bridge,  as  per  Child's  arrangement  for  the  Latimer  safety 
guard. 

5.  Am  not  yet  worked  up  to  the  idea  of  buckle-plate  floor,  as  it  takes 
up  height  (iu  many  places  so  valuable),  and  increases  difficulty  of  in- 
spection, etc. 

6.  Don't  know  much  about  the  Latimer  safety  guards,  and  rather 
object  to  rails  being  continued  across  bridges  only  2  or  3  inches  away 
from  main  rail;  but  think  the  jirinciple  a  good  one  of  using  the  guard 
rails  running  to  a  point,  and  have  so  used  them  for  some  years. 

7.  Should  be  one  of  the  two,  and  the  overhead  crossing  is  far  ahead 
of  the  interlocking  apparatus. 

8.  Think  that  legislation  enforcing,  say  at  least  the  standard  of 
strength  and  methods  of  insi3ection  which  might  be  put  forward  by  a 
society  like  the  American  Society  of  Civil  Engineers,  would  be  a  good 
thing  for  all  parties. 

I  believe  that  overhead  crossings  or  the  interlocking  ajjparatus  should 
be  strictly  enforced  by  law. 
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I  have  written  at  some  length  and  hope  you  w  ill  hear  similarly  from 
others.  It  is  the  writer's  conviction  that  iu  a  few  years  from  jDreseut 
time  onr  largest  ideas  of  what  is  required  for  strength  and  safety  will  be 
considered  meager  and  illiberal  for  increasing  service. 


C.  A.  Maeshall,  M.  Am.  Soc.  C.  E.— Eelating  to  inspection  and 
maintenance  of  railway  structures,  I  have  the  following  to  offer  in  re- 
sponse to  some  of  the  suggestions  forwarded: 

1.  First,  legislation  requisite  is  national.  The  primary  inspection  of 
materials  and  workmanship  is  of  the  greatest  importance  in  any  indi- 
vidual caj-e,  and  should  l)e  com^julsory,  and,  in  some  few  particulars, 
standard  for  the  whole  country.  Design  and  execution  should  remain 
in  the  hands  of  engineers  and  builders  as  now. 

There  should  be  a  commission  of  engineers  and  experts  in  building 
materials  appointed  annually  with  some  holding  over  members,  for  the 
purpose  of  examining  iusj^ectors  and  issuing  licenses,  or  these  duties 
might  be  well  incorporated  with  those  of  the  proposed  commission  on 
structural  materials.  The  duties  of  inspectors  to  be  defined  by  this 
commission  in  accordance  with  legislation.  The  commission  to  receive 
compensation  and  to  sit  for  examinations  simiTltaneously  in  several  large 
■cities  by  division  of  members. 

There  should  be  licenses  of  three  different  grades: 

First. — As  to  materials. 

Second. — As  to  fabrication. 

Third. — As  to  compliance  with  general  strength  and  safety  require, 
nients  (a^mrt  from  materials  and  shop  workmanship)  which  may  be  set 
by  the  commission. 

An  inspector  certifying  to  any  of  above  three  kinds  of  inspection 
must  make  oath  that  he  is  not  in  the  pay  of,  nor  pecuniarily  interested 
with,  case  1st.  The  manufacturers  or  sellers  of  the  material;  case  2d. 
The  builders  or  contractors;  case  3d.  Either  or  any  of  them. 

Engineers  may  become  inspectors,  but  may  not  deputize  the  work  to 
unlicensed  men;  the  form  of  oath  should  prevent  this.  It  would  prob- 
ably be  expedient  to  arrange  for  licenses  of  the  third  class  being  taken 
out  by  i)racticiug  engineers  upon  satisfactory  evidence  of  competency- 
other  than  personal  examination. 

There  should  be  stated  maximum  fees  for  insjjection  of  different 
classes  of  work.  A  licensed  inspector  in  the  nearest  town  may  not 
refuse  to  take  work  at  the  regular  price — plus  mileage,  but  may  take 
work  wherever  he  can  get  it,  and  at  lower  prices,  if  he  choose.  The 
number  of  inspectors  in  a  given  territory  should  not  be  limited,  but 
each  must  designate  some  locality,  as  headijuarters. 

Inspectors  should  pay  a  moderate  annual  license  fee.  and  it  should 
be  made  a  penal  offense  after  a  certain  lajjse  of  time  to  build  certain 
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classes  of  structures  witliout  securing  the  services  of  a  licensed  in- 
spector or  inspectors.  This  the  general  government  can  control  as  well 
as  it  now  does  steamboat  boilers,  and  the  inspectors  themselves  will  be 
active  to  see  that  all  cases  are  reported. 

There  should  be  a  salaried  chief  inspector,  having  poAver  to  suspend, 
and  two  or  three  deputies  to  assist  him  in  settling  disputes  and  enforc- 
ing regulations,  especially  the  requirement  of  personal  attention  to  the 
work. 

Builders  to  be  required  by  law  to  furnish  the  inspector,  free  of 
charge,  besides  the  iisual  information,  a  complete  co-pj  of  strain  sheets 
and  detail  drawings,  giving  fiill  and  exact  information  of  all  bridge  work 
inspected  by  him,  for  which  he  shall  furnish  receijit  in  duplicate,  and 
he  shall  certify  that  they  correctly  represent  the  "work  insjDected,  and 
further  that  the  requirements  of  the  commission  as  to  workmanship 
have  been  complied  with.  Inspector  also  to  certify  under  a  coj^y  of  the 
specifications  for  material  that  they  are  comj)lied  with,  including  also 
any  requii'ements  of  the  commission,  and  give  particulars  as  to  where, 
when  and  by  whom  made. 

Certificate  of  an  insj)ector  of  the  third  class  as  to  strength  and 
safety  shall  be  obtained  by  the  OAvner  of  the  structure  within  a  certain 
time  after  completion.  All  the  information  and  certificates  to  be  lodged 
with  a  designated  officer  of  the  State  in  which  structure  is  located,  and 
for  their  own  protection  the  builders  shall  lodge  an  inspector's  receipt 
with  the  chief  inspector. 

To  the  State  must  be  left  the  inspection  of  completed  structures. 
They  may  give  the  Avork  to  a  Department  of  Public  Safety  or  a  Com- 
mission, as  seems  w^ise.  There  is  no  question  but  the  Avork  should  be 
done  and  the  States  should  be  urged  by  the  National  Commission  and 
by  all  possible  means  to  proAdde  for  efficient  record-keeping  and  inspec- 
tion of  structures  located  within  their  borders.  They  should  designate 
an  officer  to  receiA'e  the  reports  of  the  licensed  inspectors  of  new  structures 
and  should  provide  a  sufficient  force  of  experts  to  thoroughly  and  sys- 
tematically inspect.  The  force  needed  Avould  be  greatest  at  the  start, 
and  much  less  Avhen  good  records  had  been  secured  and  bad  structures 
Aveeded  out. 

The  National  Commission  should  proA'ide  a  system  of  registration  and 
grading  of  condition  of  structures  including  recommended  forms  of 
blanks,  but  must  confine  themselves  to  recommendations  in  this  branch 
of  the  subject  having  due  regard  to  Avork  already  begun. 

2.  Proper  bridge  inspection  presupposes  good  records  either  at  hand 
or  to  be  made  at  the  time.  It  should  be  systematic,  but  no  amount  of 
system  can  take  the  place  of  actual  personal  inspection  by  a  competent 
expert  in  both  theory  and  practice  of  bridge  building. 

3.  The  question  of  rolling  load  is  OA'ershadowed  by  that  of  impact 
effect.     It  Avould  be  idle  to  specify  heaA'y  loads  without  at  the  same  time 
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limiting  unit  stres-ies.  Think  that  floor  system  shonld  be  designed  for 
heavier  loads  than  now,  and  that  it  would  be  proper  subject  for  recom- 
mendation by  committee,  but  not  for  legislation  for  some  time  yet. 

•4,  5  and  6.  A  standard  minimum  actual  weight  of  floor  system  would 
be  a  good  thing  on  all  bridges  of  less  than  150  feet-span,  which  from  150 
feet  to  75  feet  need  not  be  so  heavy  as  the  buckle  plate  and  ballast,  below 
75  feet  should  be  as  heavy  as  that.  Both  inside  safety  guards  and  outside 
giiards  should  be  i-equired  bylaw;  also  standard  for  opening  between  ties 
at,  say,  4  or  5  inches.  In  case  of  deck  j^late,  web  or  solid  girder  bridges 
only,  the  whole  bridge  might  be  considered  as  floor  system.  Inside 
safety  guards  when  bridge  is  apjaroached  on  curve  should  be  rej^eated 
or  extended  well  back  on  the  curve.  I  once  investigated  a  fallen  truss 
bridge  which  proved  to  have  been  knocked  down  by  a  blow  of  the 
corner  of  a  freight  car  on  the  end  post;  two  cars  had  been  ofi"  the  track 
some  two  hundred  yards  ba:-k  on  a  curve  without  the  engineer's  knowl- 
edge. The  engine  and  two  cars  crossed  the  span  in  safety,  and  the 
remainder  of  the  train  was  wrecked.  Safety  guards  terminating  near 
end  of  bridge  Avould  not  have  saved  it,  though  my  remembrance  is,  none 
were  used.  The  inside  wheel  of  the  car  was  nearer  the  outer  rail  than 
the  inner  one  when  it  struck  the  bridge. 

8.  I  regard  the  plan  detailed  in  (1)  as  most  expedient  and  pressing 
in  order  to  further  uniformity  and  safety  in  these  matters.  The  dangers 
to  the  average  bridge  of  the  country  are  j^erhaps  as  great  from  faulty 
design  as  from  trains  o&  the  track,  while  to  a  well-designed  bridge  the 
latter  constitutes,  by  far,  the  chief  source  of  danger.  To  weed  out  the 
weak  existing  bridges  the  legislation  should  be  by  the  State.  To  guard 
all  bridges  existing  and  to  be  built  against  trains  oif  the  track,  as  far  as 
possible  to  do  so,  is  also  in  the  province  of  the  State,  but  would  be 
better  done  in  accordance  with  a  standard  mode.  To  set  a  few  neces- 
sary standards  in  this  and  other  particulars  should  be  the  work  of  a 
national  commission,  and  to  bring  about  such  a  commission,  as  well  as  to 
influence  corporations  in  the  right  direction,  is  a  jDroper  task  for  this 
Societv. 
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DISCUSSION  AT  CONVENTION. 

D.  J.  Whittemore,  Past  President  Am.  Soc.  C.  E.— Mr.  Chairman 
and  Members  of  the  American  Society  of  Civil  Engineers:  Twenty-two 
years  ago  I  was  appointed  chief  engineer  of  a  company  having  a  line  of 
railway  which  was  then  275  miles  long.    The  company  was  then  in  nearly 
a  bankrupt  condition,  and  through  decay  and  use  the  greater  jjortion  of 
its  structures  of  a  perishable  nature  had  to  be  replaced,  and*  it  wa«  a 
difficult  matter  to   determine  how   to   jilan  the   work   of   repairs   and 
renewals,  and  have  the  expense  of  the  same  within  the  means  of  the 
company  with  due  regard  to  the  safety  of  the  public.     This,  however, 
Avas  accomplished,  and  within  the  last  twenty-two  years  this  company 
has  built  2  700  miles  of  road  and  acquired  by  purchase  other  lines, 
which  bring  its  mileage  up  to  5  400  miles  at  this  date.     This  lapid  in- 
crease of  mileage,  involving,  as  it  did,  great  responsibility  on  the  jjart 
of  the  engineer  in   the  inspection  of  bridges,  impressed  n-pon  him  the 
necessity  of  formulating  a  complete  system,  so  far  as  he  could  devise  it, 
of  tests  and  inspection.     The  magnitude  of  the  work  at  once  suggested 
the  making  and  adopting  of  standard  x^lans  of  structures.     These  were 
made,  and  after  conforming  to  them  for  about  one  year  it  was  found 
necessary  to  change  nearly  all  to  meet  the  requirements  of  increased 
rolling  loads,  and  I  may  say  that  this  process  has  continued  and  pi'ob- 
ably  will  continue  to  the  end.    I  find  that  on  the  system  of  railway  with 
which  I  am  connected,  two  per  cent,  of  its  length  is  covered  by  bridges 
consisting  of  spans  of  from  10  to  400  feet,  and  generalizing  from  this  I 
conclude  that  there  are  some  2  800  miles  of  bridging  on  the  140  000 
miles  of  railway  now  in  this  country.     It  appears  to  me  that  the  mem- 
bers of  this  Society  cannot  do  a  better  service  to  our  profession  than  to 
recommencl  a  proper  .system  for  bridge  inspection.     About  one-tenth  of 
the  bridges  ujion  our  line  are  iron  and  the  balance  are  of  wood.    We  en- 
deavor to  have  a  skillful  inspector,  one  skilled  in  bridge  construction 
examine  every  structure  at  least  twice  each  year,  and  this  inspection  is 
not  construed  as  in  any  way  relieving  bridge  carpenters,  road  masters  and 
section  foremen  from  making  periodic  examination  and  inspection  of  the 
same  structures.     Plans  of  every  structure,  including  culverts,  are  on 
record  in  the  engineer  department.     All  bridges  are  designated  by  even 
numbers  and  culverts  by  the  odd  numbers.     Each  division  superintend- 
ent is  furnished  a  book  giving  the  general  dimensions  and  number  of 
bridges  and  culverts  on  his  division.     The  general  superintendent  and 
general  manager  have  a  book  of  the  same  kind.     A  book  account  is 
opened  in   the  engineer  department  Avith  each  structure,  in  which  is 
entered  the  date  of  inspection,  repairs  required,  date  when  repairs  are 
made,  and  the  cost  of  same.     The  division  foremen  are  required  to  state 
at  the  end  of  each  month  what  has  been  done  in  making  such  repairs, 
so  that  in  the  end  we  have  positive  knowledge  of  when  every  stick 
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of  timber  or  other  material  is  placed  in  tlie  structure.  This  you  will 
observe  requires  a  deal  of  clerical  work  besides  that  of  inspection;  and 
I  was  somewhat  amused  at  receiving  a  request  from  a  railway  commis- 
sioner of  one  of  the  States  throiigh  which  our  line  passes,  for  a  copy  of 
all  our  reports  of  the  inspection  of  bridges.  I  hardly  need  to  say  that  we 
did  not  send  them;  we  could  not  see  that  a  carload  of  records  for  the  use 
of  a  State  railway  commissioner  would  he  of  any  service  either  to  him  or 
to  us.  Under  this  system  of  inspection  it  is  gratifying  to  state  that  our 
line  has  been  operated  for  twenty-two  years  without  the  failure  of  a 
single  structure  under  normal  conditions  of  traffic.  If  there  is  any  class 
of  persons  that  I  do  love,  it  is  the  average  railway  commissioner,  ap- 
pointed either  by  the  governors  of  the  different  States  or  through  polit- 
ical influence.  If  it  is  correct  policy  for  States  to  appoint  inspectors  of 
railway  structures  and  require  the  railway  companies  to  conform  to  their 
demands,  then  it  is  but  fair  that  the  Slate  be  held  responsible  for  any 
failure.  I  cannot  believe  that  any  State  can  be  found  willing  to  assume 
this  resj^onsibility  and  I  do  asjuime  that  no  railway  company  will  accept 
the  insjjection  of  a  political  officer,  but  will  depend  upon  the  inspection 
of  those  they  believe  to  be  their  own  tried  and  faithful  servants.  I  be- 
lieve in  proper  legislation  that  will  require  periodic  inspection  by  com- 
petent persons  ajjpointed  by  the  railway  comiJauies,  and,  in  case  of  fail- 
ure, hold,  as  the  law  does  hold,  the  company  responsible  for  any  damage 
that  occurs  through  fault  of  its  own.  Perhaps  I  have  been  more  fortu- 
nate than  many  of  my  professional  brethren.  I  have  yet  to  find  the 
manager  of  a  line  of  railway  who  had  been  informed  by  the  engineer 
that  a  structure  was  unsafe  who  did  not  immediately  say.  Make  it  safe 
at  once. 

Theodobe  Coopeb,  M.  Am.  Soc.  C.  E. — The  question  of  the  best 
method  of  securing  a  proper  inspection  of  bridges  is  a  very  impor- 
tant one. 

A  bridge  is  a  machine,  and  the  man  who  inspects  it  must  know  what 
that  machine  is  intended  to  do  and  whether  it  is  in  a  condition  to  do  it 
safely.  It  is  not  simply  a  question  of  the  mateiial  of  which  it  is  made 
or  of  any  individual  meml^er,  but  of  each  and  every  member  individu- 
ally and  collectively. 

Great  stress  is  made  in  mauy  cases  of  testing  the  iron  or  steel  of 
which  a  structure  is  made,  and  but  little  attention  paid  to  the  design, 
proportion  or  assemblage  of  the  parts. 

Of  course  I  do  not  mean  to  decry  the  testing  of  the  material,  but  I  do 
not  recall  at  present  a  single  case  where  a  bridge  has  fallea  solely  be- 
cause the  material  was  poor. 

The  majority  of  failures  have  been  due  to  bad  design,  l»ad  workman- 
ship or  neglect  to  keep  the  structure  in  a  proper  condition  to  do  its 
duty. 
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A  bridge  inspector  must  be  an  all-round  man,  sufficiently  acquainted 
Avitli  the  question  of  strains  and  theory  of  the  action  of  each  part  of  the 
structures  under  the  varying  conditions  of  the  loads,  with  practical 
knowledge  of  the  -workmanship  of  the  various  kinds  which  enter  into 
bridge  construction,  possessing  an  observing  eye  and  a  cultivated  sense 
of  feeling,  and  practical  common  sense,  in  order  to  determine  whether  a 
structure  is  doing  its  work  satisfactorily  and  safely.  He  must  take  up 
each  structure  as  a  special  problem  and  examine  each  member  and  each 
joint  to  see  if  it  is  in  proper  condition  to  do  its  full  duty.  He  must  not 
depend  upon  the  office  plans  or  uj^on  the  strain  sheets.  I  have  had  to 
condemn  bridges  as  dangerous  after  a  field  examination,  that  appeared 
perfectly  satisfactory  from  the  office  plans.  I  might  give  many  instances, 
but  will  mention  only  two.  One  was  due  to  a  change  in  the  form  of  the 
castings,  the  webs  taking  the  main  part  of  the  load  being  misplaced  by 
the  foundry  man,  so  the  castings  were  sheared  through  and  the  bridge 
oa.  the  point  of  collapse.  In  another  case,  only  discovered  by  the 
merest  accident,  1  found  that  the  hanger  of  the  end  floor  beam  of  a  long- 
span  was  carryiug  the  same  load  as  the  end  main  diagonals,  three 
l^auel  loads,  through  the  shojD  error  of  the  pin  hole  being  bored  one- 
quarter  inch  larger  than  the  pin. 

We  hear  a  good  deal  about  defective  rivets,  and  I  have  known 
structures  where  the  rivets  in  certain  parts  were  constantly  being 
renewed.  Many  inspectors  consider  their  duty  done  when  bad  rivets 
are  cut  out  and  new  ones  i^ut  in.  But  they  should  go  further 
and  determine  Avhy  these  rivets  constantly  work  loose,  and  apply  the 
remedy. 

Soon  after  the  Bussey  bridge  disaster  I  read  in  the  pajiers  that  the 
railroad  commission  in  one  or  more  of  the  States  had  ordered  all  bridges 
tested  for  deflection  to  determine  if  they  were  safe. 

Such  inspection  does  more  harm  than  good.  Nothing  in  regard  to 
the  strength  of  a  bridge  can  be  determined  by  the  deflection.  The  de- 
flection of  a  bridge  is  simply  the  summation  of  the  relative  action  of  the 
saveral  parts  of  the  structure,  good,  bad  and  indifferent.  Any  one  of 
dozens  of  the  members  may  be  at  a  point  of  absolute  rupture  without 
producing  any  appreciable  change  in  the  deflection. 

How  could  the  deflection  of  the  Bussey  britlge  determine  that  the 
floor  beam  hangers  were  actually  half  broken  and  dangerous? 

.  As  to  the  subject  of  legislation,  I  do  not  think  any  law  could  be 
framed  which  would  accomplish  the  purpose  by  defining  the  character  or 
time  of  inspection.  Neither  do  I  believe  any  good  woiild  be  gained  by 
having  the  inspection  made  by  a  State  expert.  How  would  you  define 
an  exi:)ert?  What  is  to-day  the  legal  definition  of  an  engineer?  And 
even  assume  that  the  best  bridge  man  of  the  day  was  made  this  expert, 
how  long  would  it  be  b?fore  he  would  bocome  an  old  fogy  and  oi^po^e 
all  i^rogress  beyond  the  stage  of  the  art  as  he  left  it?     No,  we  have  not 
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yet  learned  all  that  is  to  be  learned  in  any  branch  of  science,  and  it  is  not 
according  to  American  instincts  to  cease  advancing  and  be  bound  to  the 
dictum  of  any  one  man.  Kailroad  bridges  are  not  the  only  bridges 
where  proj^er  care  and  inspection  are  needed  to  protect  life  and  prop- 
erty. Our  cities,  to-rt-ns  and  counties  have  dangerous  bridges.  I  know 
of  Ijridges  in  one  of  our  large  cities  that  are  so  grossly  neglected  that  if 
not  now  dangerous,  they  are  raj^idly  becoming  so. 

There  is,  to  my  mind,  only  one  way  to  apply  a  remedy."  Let  the  law 
clearly  and  definitely  make  the  offtcials  of  our  railroads,  cities  and 
counties  criminally  responsible  for  loss  or  injury  to  life,  coramencing  at 
the  toi3  and  working  down  through  the  necessary  organization  until 
each  stage  of  the  organization  can  show  that  ^jroper  methods  have  been 
taken  to  know  the  condition  of  each  structure  at  all  times  and  that 
the  power  and  means  have  been  given  to  put  and  keep  the  same  in  a 
safe  condition. 

If  a  bridge  goes  down  because  the  ofBcials  preferred  not  to  know 
officially  its  dangerous  condition,  or  if  knowing,  they  neglected  to  remedy 
it,  the  criminal  responsibility  should  be  placed  upon  them. 

If  through  a  bad  organization  or  false  economy  the  overworked 
switchman,  oj^erator  or  despatcher  produced  a  collision,  the  criminal 
responsibility  should  be  on  the  officials  to  whom  the  bad  organization  or 
false  ecomouy  is  due  and  not  on  the  man  who  has  tried  to  do  more  than 
nature  would  permit. 

Financial  resijonsibility  may  be  powerful  enoiigh  in  many  cases,  but 
it  will  not  cover  that  large  class  of  roads  which  have  no  owners,  the  foot- 
balls of  Wall  street — roads  Avhich  are  managed  by  men  who  have  only  a 
temporary  interest  in  the  same — roads  whose  officials  have  no  higher  aim 
than  a  good  showing  for  the  existing  year  or  quarter,  and  who  are  will- 
ing to  obtain  such  favorable  temporary  reports  at  the  greatest  hazards. 
Such  roads  will  not  spend  money  in  a  proper  organization  or  for 
strengthening  weak  bridges.  Criminal  responsibility  only  can  reach  such 
officials. 

Now,  I  am  perfectly  conscious  of  the  vastne.is  of  a  railroad  organi- 
zation, and  that  it  is  impossible  for  the  directors  or  the  operating- 
officials  to  know,  of  i^ersonal  knowledge,  all  the  details  of  the  different 
dejiartments  of  their  road.  But  it  is  their  duty  to  know  that  each  de- 
partment is  in  charge  of  a  competent  si>ecialist  ;  to  furnish  him  the  men 
and  means  to  perform  his  duties  ;  and  to  know  through  jiroper  system 
that  his  department  is  in  good  condition  for  a  safe  service. 

Any  attempt  to  establish  a  standard  for  the  strength  of  1  ridges  would 
be  injudicious  and  impolitic.  We  will  all  agree  that  it  is  desirable  that 
our  bridges  be  built  strong  enough  for  any  possil)le  future  traffic,  and 
we  also  know  that  an  increased  capacity  will  not  increase  the  cost  any- 
thing like  in  proportion.  But  many  well-managed,  but  financially  poor 
roads  cannot  bear  even  this  moderate  increase  in  exj)enditure. 
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While  it  is  tlieir  duty  to  the  ptiblic  to  maintain  tlieir  structures  in 
■ii  safe  condition,  it  would  not  be  right  to  compel  them  in  their  struggle 
ior  existence  to  do  more  than  this.  It  is  our  duty  as  engineers  to  give 
them  safe  structures,  and  after  that  the  best  we  can  for  tlieir  money. 
For  roads  callable  of  bearing  the  expense  I  would  always  recommend 
the  best  structures  as  the  most  economical  in  time,  but  for  roads  with 
short  purses  I  would  strive  to  give  them  perfectly  safe  structures  and 
the  best  that  their  means  would  afford. 

In  regard  to  bridge  fiooi's,  I  cannot  see  any  merit  in  a  buckle-plate 
floor. 

The  floor  of  a  bridge  is  the  most  important  part  of  the  structure  and 
I  favor  a  very  heavy  floor  system.  I  believe  in  putting  jolenty  of  timber 
on  that  floor  and  su1)stantial  outside  wooden  guard  rails  as  close  to  the 
rails  as  possible  and  as  high  as  the  rolling  stock  will  permit. 

If  the  sustaining  members  of  the  floor,  stringers  and  cross  floor 
beams  are  siifiiciently  strong,  I  do  not  see  where  the  l)uckle  plates  will 
have  any  advantage  over  a  good  close  timber  floor,  and  if  these  sustain- 
ing members  are  not  strong  enough  I  do  not  see  that  the  buckle  plates 
will  help  the  matter. 

In  addition  to  the  wooden  outside  guard  rails,  which  should  never  be 
omitted,  an  inside  guard  rail  is  also  very  desirable.  Theoretically  the 
inside  guard  rail  is  the  better  of  the  two,  where  both  are  of  the  same 
height.  Unfortunately  the  inside  guard  rail  must  generally  be  limited 
to  the  height  of  the  rails,  which  reduces  its  value  very  much,  when 
acting  alone. 

The  jjurpose  of  a  guard  rail  being  twofold,  first  to  catch  a  derailed 
truck  as  soon  as  possilile  and  prevent  its  slewing,  and  second  to  protect 
the  trusses  of  a  bridge  from  being  struck  by  any  pnrt  of  the  rolling 
stock,  it  is  desirable  that  they  be  placed  as  near  as  possible  to  the  rails. 
"To  i:)revent  the  wheels  working  up  these  guards,  and  surmounting  them, 
it  is  desirable  to  have  them  as  high  as  possible.  I  have  seen  on  a 
guard  rail,  about  7  inches  high,  the  marks  of  a  derailed  wheel,  which 
was  safelv  carried  across  the  bridge,  but  which  was  contiuuouslv  mount- 
ing  nearly  to  its  top  by  the  friction. 

The  greatest  obstacle  to  placing  a  guard  rail  8  to  9  inches  high, 
within  less  than  18  inches  of  the  rail  is  the  snow-plow. 

There  are  plenty  of  bridges  where  the  guard  rails  are  placed  so  far 
out,  in  order  to  clear  the  snow-plows,  that  they  serve  no  good  purjiose 
to  either  catch  the  truck  before  it  slews  to  a  dangerous  extent,  or  to  pre- 
vent the  cars  striking  the  trusses.  Now,  the  snow-plow  is  a  very  neces- 
sary implement,  but  that  the  safety  of  so  many  bridges  should  be  unin- 
sured through  neglect  to  make  these  snow-plows  capable  of  i^assing  auto- 
matically over  the  guard  rails  of  bridges  is  a  matter  of  astonishment.  I 
would  be  surprised  at  any  master  mechanic  who  would  state  that  snow- 
j)lows  could  not  be  made  to  automatically  lift  over  such  guard  rails,  at 


301       INSPECTION    ASD    MAINTEXAXCE    OF    R'Y    STRUCTURES. 

a  very  moderate  expendittiie  coniparetlto  the  risks  now  iuctiiTecl  by  ren- 
dering useless  tlio  guards  over  so  many  of  our  bridges. 

I  will  fiui.sh  by  taking  excei^tion  to  a  remai'k  that  has  been  niade^ 
comparing  this  Society,  as  regards  establishing  standards,  to  the  Society 
of  Master  Car  Builders;  the  case  is  not  similar.  The  Society  of  Master 
Car  Builders  is  composed  of  men  ■who  are  devoted  to  the  one  suliject  of 
c.ir  buil  ling,  and  ar^  therefore  competent  to  consider  and  decide  uprn 
any  matters  pertaining  to  this  business.  Now,  Ashile  we  are  all  civil 
engineers  in  the  broad  sense  of  that  title,  our  practice  and  experience 
are  Avidely  diversified,  and  we  really  l)elong  to  widely  diflfeieut  i)rofes- 
sious.  There  are  in  this  room  electrical,  hydraulic,  mec-hanical,  munic- 
ipal, railroad  and  other  special  classes  of  engineers.  Are  the  electrical 
or  hydraulic  engineers  competent,  as  a  class,  to  decide  upon  matters  or 
standards  for  railroad  purposes,  or  is  the  railroad  engineer  competent  to 
determine  standards  for  el3cti'ical  purposes? 

No,  this  society,  as  a  body,  is  not  competent  to  decide  uiion  matteis 
relating  to  any  specialty. 

I  do  not  therefore  consider  it  comjaetent  to  establish  standards  upon 
bridge  matters.  Let  us  have  full  and  free  discussions  upon  all  matters 
pertaining  to  the  broad  profession  of  the  civil  engineer,  but  leave  the 
detail  to  those  among  us  who  are  specially  devoted  to  each  subordinate 
branch. 

H.  Stanley  Goodwin,  M.  Am.  Soi-.  C.  E. — Mr.  Chairman,  I  think 
that  almost  everything  I  would  say  has  been  well  said  by  those  who 
have  preceded  me.  I  will  say,  however,  that  I  agree  with  Mr.  Wilson's 
plan  and  approve  his  suggestions.  His  plan  of  classification  by  num- 
bers is  certainly  a  most  admirable  one. 

I  think  the  schemes  of  legislation  spoken  of  are  impracticable,  and 
some  of  them  may,  with  propriety,  be  called  Utopian.  It  has  been  stated 
that  there  are  in  the  State  of  Michigan  some  6  000  bridges ;  Iioav  is  one 
engineer  to  look  after  the  details  of  those  6  000  bridges?  And  if  Con- 
gress is  to  take  up  this  matter  how  is  Congress  to  look  after  intelligently 
and  i)ractically,  the  coiistrnctiou  and  maintenance  of  2  500  miles  of 
bridges?  It  seems  to  me  quite  impracticable.  Sujipose  it  were  to 
hapi^en  that  all  the  bridges  in  the  State  of  Michigan,  or  in  the  United 
States  were  to  come  under  the  control  of  one  corporation,  how  would 
that  cor2:)oration  manage  to  care  for  these  bridges?  Why,  simply  in 
some  such  way  as  Mr.  Wilson  suggests.  But  one  general  head  or 
superintendent  could  not  give  his  attention  to  the  investigation  in  detail, 
because  there  would  be  too  many  bridges.  He  would  probably  district 
the  States  under  his  su2)ervision,  and  aj^poiut  to  each  district  enough 
inspectors  to  insure  thorough  inspection  and  reports  of  all  the  bridges 
in  that  district.  For  the  State  to  undertake  to  do  all  this,  or  to  do  siTch 
part  of  it  as  would  be  of  use  to  the  public,  would  seem  to  me  going 
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bejoud  the  autlioi-ity  wliicli  ought  to  be  vested  in  State  Government. 
I  think  that  the  success  of  the  raih'oad  corporations  and  of  all  branches 
of  business  in  the  country,  is  due  to  the  fact  that  thej  are  managed  and 
governed  by  the  intei-ests  in  Avhose  ownership  they  are,  and  not  by  State 
interference,  and  I  think  it  would  be  desirable  that  the  present  state 
of  affairs  should  continue.  I  do  think,  however,  that  there  could  be 
such  a  change  in  legislation  as  would  j)rescribe  what  the  raih-oad  coui- 
IJanie?  should  do  in  the  way  of  inspection  of  their  bridges,  and  specify- 
ing that  the  companies  should  have  such  reports  made  to  them  that  they 
would  know  their  bridges  to  be  sufficiently  strong  to  carry  the  tonnage 
and  loads  that  were  passing  over  them.  I  do  not  think  any  railroad  com- 
l^auy  would  object  to  that. 

There  are  a  good  many  other  points  brought  out  by  the  circular. 
One  is,  and  a  good  one,  that  this  idea  of  inspection  of  bridges  ought  to 
include  the  turnpike  and  wagon  road  bridges.  If  Government  inter- 
ference is  going  to  take  hold  at  all,  it  should  take  hold  of  these.  The 
public  have  to  drive  and  walk  over  them,  and  they  generally  receive 
very  little  inspection,  while  railroad  bridges  are  subject  to  an  inspection 
more  or  less  complete. 

In  regard  to  a  standard  bridge  floor  it  does  not  seem  tome  practicable 
to  adopt  a  standard  form,  because  there  is  necessarily  such  a  great 
variation  in  the  styles  of  bridges. 

In  regard  to  overhead  crossings,  if  it  is  meant  to  ask  whether  a  grade 
crossing  now  existing  and  which  has  been  in  use  for  a  number  of  years^ 
ought  to  be  altered  to  an  overhead  crossing,  I  Avould  say  that  in  many 
places  overhead  crossings  are  almost  imiDracticable  on  account  of  their 
great  cost,  and  would  be  very  objectionable  on  account  of  the  heavy 
grades  of  the  overhead  road. 

There  are  many  roads  with  small  capital  which  would  be  very  much 
embarrassed  by   a   law  making  necessary  such  a  change   at    all   their 


A.  M.  Welmngtox,  M.  Am.  Soc.  C.  E. — Mr.  Chairman,  I  have  very 
little  to  say  because  I  am  not  prepared  to  sny  it;  the  questions  cover  too 
broad  a  field  to  be  all  discussed  together  advantageously,  but  I  must  say 
I  sympathize  with  what  the  gentlemen  have  said  in  regard  to  the  ques- 
tion of  legislation.  I  have  remarked  that  in  the  written  communications 
they  have  referred  largely  to  the  subject  of  legislation;  I  do  not  see 
what  useful  action  we  can  take  in  regard  to  that.  The  only  point  as 
to  which  this  Society  should  be  i)articularly  well  qualified  to  express 
valuable  opinions,  is  in  specifying  what  are  the  ends  to  be  accom- 
plished, and  that  was  very  little  touched  upon  in  comparison  to  legal 
methods  for  providing  a  system  by  which  bridges  should  be  inspected. 
But  in  the  other  direction  I  think  that  there  are  strong  evidences  that 
something  ouglit  to  be  done,  viz.,  in  elaborating  methods  by  which  it 
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shall  be  ensured  that  iron  bridges  shall  be  bnilt  so  strong  in  the  first 
place  as  to  be  in  no  danger  of  breaking  down.  It  seems  to  me  that  this 
is  a  far  better  method  of  insui'ing  their  safety;  to  build  them  so  that  they 
do  not  need  to  be  gone  over  with  a  microscope  once  in  six  months,  to 
prevent  their  giving  out.  Now,  the  fact  is  that  nearly  all  our  iron 
bridges  i^rove  worthless  from  having  sailed  too  close  to  the  wind  in 
their  design;  the  average  life  of  an  iron  bridge  is  very  brief;  long  before 
they  are  worn  out  they  are  removed  because  they  are  too  weak.  And 
moreover,  I  do  not  believe  that  we  have  reached  the  limit  of  load  by 
any  means.  There  are  roads  now  that  are  running  cars  weighing  3  600 
pounds  to  the  foot,  and  the  tendency  of  the  introduction  of  train  brakes 
will  be  to  cause  a  further  increase  of  load.  In  New  York,  for  example,  on 
the  New  York  Central  Railroad,  the  bridges  are  projjortioned  for  light 
engines;  they  claim  that  they  cannot  use  heavy  engines,  because  with 
their  easy  grades  the  train  becomes  so  long  that  it  breaks  in  two,  but 
with  the  introduction  of  automatic  brakes,  and  with  the  introduction  of 
train  brakes  that  difficulty  will  be  eliminated.  It  is  only  a  question  of 
a  few  years  when  those  bridges  will  have  to  sustain  very  much  heavier 
engine  and  train  loads,  and  hence  all  i^rove  worthless.  I  think  our 
bridge  specialists,  who  show  such  ability  in  design  of  details,  do  not 
realize  the  imminence  of  this  change,  and  do  not  make  sufficient  efforts 
to  provide  for  it  in  advance.  I  have  no  doubt  that  by  the  discussion  in 
detail  of  these  subjects  which  have  been  proposed,  one  by  one,  some 
very  useful  results  may  be  accomplished,  both  in  the  way  of  economy 
and  of  improvement,  but  I  hardly  feel  disposed  to  attempt  to  cover  all 
that  might  be  said  in  regard  to  them,  or  as  to  the  numerous  points  in 
which  I  should  diflfer  more  or  less  from  the  views  so  far  advanced  until 
the  questions  come  up  for  discussion  one  by  one. 

Pekcival  Robeets,  Jk.,  M.  Am.  Soc.  0.  E. — There  has  been  a  great 
deal  said  in  regard  to  the  inspection  of  bridges  in  use,  but  there  is  an 
old  adage:  "  You  must  first  catch  your  hare  before  you  cook  it,"  and 
I  think  the  inspection  should  commence  from  the  day  of  asking  for  pro- 
Ijosals  on  the  bridge.  I  think,  too  often  that  when  serious  interests  are 
involved,  the  sum  total  of  the  dollars  and  cents  of  the  estimate  are  more 
closely  looked  at  than  are  the  interests  themselves.  Not  only  should 
estimates  for  bridges  be  compared  one  with  another,  but  a  thorough  ex- 
amination of  strain  sheet  should  be  made  by  a  thoroughly  competent 
engineer.  It  is  not  sufficient  to  issue  proposals  based  on  certain 
standard  siiecitications,  but  the  strain  sheets  of  all  bidders  should  have 
careful  attention.  Now,  presuming  that  this  is  not  the  case,  however,  I 
think  that  tlie  first  inspection  we  should  have  is  the  shop  inspection. 
We  all  know  how  insufficient  a  shop  inspection  often  is.  We  are  very 
apt  to  find  there  a  gentleman  who  has  come  to  inspect  a  certain 
bridge,  who  Avalks  into  the  shop  with  a  tack-hammer  in  his  hand,  and 
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for  several  days  after  that  you  will  hear  the  tack-hammer  going  all  over 
the  shop,  ami  possibly  there  may  be  a  check  mark  here  and  there  on  a 
rivet,  etc.  Sometimes,  when  the  work  is  over,  the  inspector  will  ask  for 
a  copy  of  the  drawings  that  he  will  examine  later.  I  think  that  we 
shoukl  have  a  rigid  and  intelligent  inspection  while  the  structure  is 
IJassing  through  the  shop;  that  is  the  point  where  we  can  discover  any 
defects.  I  think  that  all  manufacturers  will  welcome  such  an  inspection; 
it  is  a  preventive  to  cutting  prices,  and  to  getting  out  a  structure  which 
is  not  up  to  the  requirements  of  the  specifications.  The  railroads  too 
frequently  start  at  the  bottom  with  their  inspectors,  and  instead  of 
having  an  intelligent  man  for  an  inspector  he  is  a  young  fellow,  fresh 
from  college,  which  I  think  is  poor  economy. 

Mr.  Whittemore. — I  fear  what  Mr.  Eoberts  says  is  too  true.  In 
this  matter  of  inspection  I  freely  admit  that  I  have  at  several  times 
been  most  grievously  swindled,  and  I  judge  others  have  also,  as  for 
instance  :  About  a  month  ago  I  was  at  a  shop  where  an  inspector  was 
supposed  to  be  performing  his  duties,  and  the  manufacturer  said  to  me, 
"  I  wish  you  to  look  at  that  fellow,  he  is  an  inspector;"  he  was  reading 
a  dime  novel  in  an  inner  office  at  the  shops;  presently  some  one  came  in 
and  said,  "  that  car  is  loaded  now,"  and  the  inspector  went  out  to  the 
car,  looked  at  the  scales  on  which  it  was  weighed,  made  a  memorandum 
and  then  went  back  to  his  dime  novel. 

Mr.  P.  Egberts,  Jr.  —I  understand  that  a  number  of  foreign  shops 
and  works  employ  a  man  whose  duty  it  is  to  entertain  inspectors.  They 
are  professional  experts  in  a  number  of  things  not  pertaining  to  bridge 
work;  they  talk  professionally  to  the  inspector,  take  him  out  to  dinner, 
etc.,  and  it  is  a  very  good  thing  indeed. 

The  Chairman,  Mr.  T.  C.  Clarke. — I  believe  that  there  are  several 
inspectors  present.  I  certainly  think  that  you  will  all  agree  with  me 
that  they  ought  to  be  heard  from. 

C.  C.  Schneider,  M.  Am.  Soc.  C.  E. — Mr.  Chairman,  I  would  say 
that  the  best  inspectors  are  not  always  the  ones  who  are  the  best  aj)pre- 
ciated;  sometimes  the  men  who  have  the  least  experience  get  the  best 
positions  and  the  good  men  have  to  take  a  back  seat. 

The  Chairman. — I  will  ask  any  inspector  to  give  us  his  views.  They 
would  be  very  interesting. 

C.  Frank  Allen,  M.  Am.  Soc.  C.  E. — I  am  not  an  inspector,  but  I 
will  say  that  I  fear  that  this  matter  of  legislation  would  relieve  the  rail- 
road companies  of  responsibility.  I  believe  that  they  should  be  held 
strictly  responsible,  both  legally  and  to  public  opinion,  but  I  believe 
that  a  certain  amount  of  legislation  would  be  valuable  in  the  direction 
which  we  are  aiming  at.  It  seems  to  me  that  legislation  should 
require  some  report  upon  the  inspection  of  works  so  that  the  inspec- 
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tions  that  were  made  slioiild  become  public  property;  so  that  it  should 
be  possible,  when  auy  defect  Avas  found,  to  run  it  down  and  fix  the 
responsibility  upon  some  one,  either  upon  the  president  of  the  road, 
or  iipon  the  inspector.  I  believe  that  legislation  that  would  secure 
some  results  of  that  sort  would  be  healthy  legislation,  and  could  be 
thoroughly  indorsed.  One  of  the  valuable  points  would  be  the  fixing 
of  the  responsibility ;  I  think  we  could  make  decided  gains  in  that  way. 
There  is  one  other  view  of  the  matter  which  is  really,  perhaps,  of  the 
most  importance  and  yet  most  difficult  to  reach,  and  that  is,  that  the 
general  managers  of  railroads  are  frequently  men  who  have  a  very  small 
opinion  of  the  value  of  the  services  of  civil  engineers;  Avith  a  proportion  of 
the  managers  the  civil  engineer  is  simply  a  surveyor;  a  very  considerable 
proportion  of  railroad  managers  are  prejudiced  against  civil  engineers; 
if  it  is  necessary  to  hire  one  they  will  hire  the  cheapest  man  that  Avill 
do  that  service.  This  Society  could  do  a  good  work  in  educating  a  con- 
siderable portion  of  our  railroad  men  as  to  Avhat  a  civil  engineer  is,  and 
as  to  the  value  of  his  services;  that  when  it  is  necessary  to  employ  an 
engineer,  they  should  get  a  good  one,  one  who  will  know  what  the  ex- 
penses to  be  incurred  may  be,  the  injury  to  car  wheels,  etc.;  if  it  is 
necessary  to  run  out  a  location,  they  should  have  a  man  of  ability  and 
experience,  so  that  the  company  will  be  saved  some  money  by  listening 
to  a  man  who  knows  what  he  is  talking  about.  It  is  necessary  to  edu- 
cate the  railroad  managers  to  the  idea  that  the  civil  engineer  will  save 
them  some  money ;  if  you  touch  the  pocket  you  touch  a  tender  point. 

The  Secretary.  —  A.  gentleman  has  handed  me  a  copy  of  the  provis- 
ions of  the  law  of  the  State  of  Massachusetts  Avith  a  circular  from  the 
Board  of  Railroad  Commissioners  of  that  State.  It  is  interesting  in 
this  discussion  as  being  a  requirement  of  the  State  of  Massachusetts 
through  its  legislative  enactment  of  the  present  year. 

Commonwealth  of  Massachusetts, 

Board  of  Railroad  Commissioners, 
20  Beacon  Street. 

Boston, ,  188 . . . 

To Railroad  Company. 

Sir  : 

Your  attention  is  called  to  the  f  olloAving  sections  of  Chapter  334  of  the 
Acts  of  the  present  year,  being  "An  Act  relating  to  the  Examination  of 
Railroad  Bridges:  " 

Seo.  1.— Every  railroad  corporation  shall,  when  rcqnesteil  by  the  railroad  conmiisaioners 
and  at  least  once  in  tw  j  years,  have  an  examination  of  its  bridges  and  the  approaches  thereto 
made  by  a  comiietent  and  exi)erienced  engineer,  who  shall  report  to  the  corporation  the 
results  of  his  examinations,  his  conclusions  and  recommendations,  and  the  corporation  shall 
forthwith  transmit  a  copy  of  the  report  to  the  board  of  railroad  commii-sioners.  The  first 
report  shall  be  made  and  transmitted  to  the  board  not  later  than  the  first  day  of  November, 
in  the  year  eighteen  hundred  and  eighty -seven,  and  subsequent  reports   shall  be  made  and 
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transmitted  at  intervals  of  not  more  tbau  two  yeai-s.  When  a  railroad  corporation  builds  a 
new  bridge  it  shall  forthwith  have  a  report  in  like  manner  made  and  transmitted  to  the 
board.  The  reports  shall  furnish  such  information  in  such  detail  and  with  such  drawings  or 
prints  as  may  be  in  writing  requested  by  the  board  of  railroad  commissioners. 

Sec.  3. — Nothing  herein  contained  shall  be  construed  to  exempt  a  corporation  from 
making  other  and  more  frequent  examinations  of  its  bridges  and  the  approaches  thereto. 

In  accordauce  tlierewitli,  the  Board  of  Railroad  Commissioners  re- 
quest yon  to  transmit  to  them,  on  or  before  the  first  day  of  November 
next,  the  following  information,  plans,  etc.,  relating  to  the  bridge 
structures  on  the  line  of  your  railroad  and  its  branches,  said  informa- 
tion, etc.,  to  be  given  for  every  bridge  structure  of  over  ten  feet  opening 
in  the  clear,  between  abutments,  but  not  to  include  highway  or  street 
bridges  over  the  road. 

I.  A  statement,  in  tabular  form,  giving  in  order  the  following  data  : 
(1)  niimber  of  bridge  ;  (2)  town  in  which,  and  (3)  line  upon  which  it  is 
situated  ;  (4)  precise  location  upon  the  line,  if  on  record  ;  (5)  direction 
and  distance  from,  and  name  of  nearest  station  ;  (6)  ordinary  name  ;  (7) 
nature  of  crossing  (stream,  street,  etc.)  ;  (8)  number  of  openings,  and 
clear  span  of  each  ;  (9)  length  over  all  ;  (10)  material ;  (11)  general  style 
of  bridge  ;  (12)  whether  deck  or  through  ;  (13)  approximate  maximum 
height  of  rail  above  stream,  street,  etc.  ;  (14)  date  of  erection  ;  (15) 
names  of  designer  and  oflmilder;  (16)  by  whom  erected;  (17)  whether  or 
not  built  to  definite  specifications.  On  this  sheet  shall  also  be  stated  the 
Aveights  of  the  heaviest  engines,  tenders,  and  loaded  cars  at  present  in 
use  on  the  road,  specifying  load  on  each  axle,  and  distances  apart. 

This  table  is  preferably  not  to  be  a  blue  print,  so  that  additions  can 
be  made  to  it  from  time  to  time,  and  is  to  be  on'  one  or  more  sheets  of 
uniform  size.  Samjsle  sheet  for  the  above  returns  can  be  seen  at  the 
office  of  the  Board. 

II.  A  "  strain  sheet  "  for  each  structure,  giving — 

(a)  For  frame  structures,  the  calculated  maximum  stress  in  each 
piece  ; 

(b)  For  plate-girders  and  beams  (including  floor  beams  and  stringers 
of  truss  bridges),  the  maximum  moment  and  shear  at  points  not  over 
ten  feet  apart,  including  the  center  and  ends. 

The  loads  to  be  assumed  in  making  out  the  strain  sheet  are  to  be 
either  those  under  IV  (a),  or  the  heaviest  loads  in  actual 'use  on  the 
road — whichever  cause  the  greatest  stresses — and  are  to  be  clearly  shown 
or  stated  on  the  strain  sheet.  The  actual  loads  in  use  may,  if  desired,  be 
considered  in  the  calculation  as  replaced  by  a  suitable  uniform  load 
headed  by  a  suitable  concentrated  load. 

If  practicable,  the  information  called  for  under  IV  (b),  (c)  and  (d) 
shall  all  be  given  on  the  strain  sheet. 

III.  Blue  prints  or  drawings  showing  complete  dimensions  of  each 
structure,  with  sections  and  dimensions  of  every  jjart,  and  details  of  all 
connections  or  splices.  Scales  for  drawings  to  be  :  (a)  for  general  eleva- 
tions, cross-sections  and  plan,  not  less  than  i  inch  to  the  foot  ; 
(b)  for  all  details  of  connections  and  splices,  and  sections  of  parts, 
not  less  than  *  inch  to  the  foot,  and  preferably  not  less  than  |  inch  to  the 
foot.  The  complete  floor  system  is  to  be  clearly  shown  on  these 
drawings. 

These  sheets,  together  with  the  strain  sheet  and  the  table  imder  I. , 
shall  be  made  of  uniform  size,  28"  X  40",  including  a  margin  on  the 
left  hand  side  of  2  inches. 


310      INSPECTION'  AND   MAINTENANCE   OF   R'Y   STRUCTURES. 

IV.  For  each  bridge  :  (a)  If  built  to  definite  specifications,  a  copy 
of  siicli  sijecifications,  together  -with  a  statement  as  to  the  tests,  super- 
intendence, etc.,  by  -which  they  were  enforced. 

(b)  If  built  without  definite  specifications,  a  statement  of  the  source 
and.  quality  of  the  material  employed,  whether  any  tests  were  made  upon 
it,  together  with  the  results  of  such  tests. 

(c)  A  statement  of  the  frequency  with  which  it  has  been  inspected, 
and  by  whom  ;  and,  so  far  as  known,  the  results  of  any  tests  applied  to 
it  since  its  erection. 

(d)  If  not  given  iintler  (a),  a  statement  of  the  loads  for  which  it  was 
calculated,  and  of  the  stresses  allowed  per  square  inch  under  difierent 
circumstances. 

V.  A  report  by  a  competent  and  exi^erienced  engineer,  as  required  by 
Sec.  1  of  the  Act  referred  to  above,  which  report  shall  include  the  re- 
sults of  his  examinations,  his  conclusioQS  and  recommendations,  not 
only  in  regard  to  the  bridge  structure  itself,  but  also  in  regard  to  the 
ap2)roaches  to  the  bridge,  and  the  piers  and  abutments. 

Plans  not  conforming  to  the  above  requirements,  if  already  prejjared, 
may  be  presented  to  the  Board  for  approval. 

Geoege  G.  Ckockeb, 
Edward  W.  Kinsley, 
Everett  A.  Stevens, 

Commissioners. 


Frederic  Graff,  Past  President  Am.  Soc.  C.  E. — Mr.  Chairman,  I 
wish  to  speak  of  a  matter  which  seems  to  me  to  be  connected  with  this 
subject.  The  City  of  Philadelphia  has  been  agitated  frequently  by  the 
question  of  elevated  railroads,  and  I  would  like  to  ask  from  the  gentlemen 
here  what  inspections  are  insisted  upon  for  the  systems  of  elevated  rail- 
roads in  the  City  of  New  York? 

E.  I.  Sloan,  M.  Am.  Soc.  C.  E. — The  elevated  railway  structures  in 
the  City  of  New  York  were  designed  by  careful  eogineers,  and  built  and 
erected  by  resjjonsible  bridge  building  firms.  Good  iron  was  used  in 
the  construction,  and  good  engineering  work  was  done  in  the  beginning. 
A  large  portion  of  the  system  has  been  in  operation  more  than  nine 
years,  and  the  entire  system  of  32  miles  over  eight  years,  and  over 
12  000  000  trains  have  passed  over  the  roads.  The  structures  have  been 
submitted  to  continuous  use  under  the  light  rolling  loads.  The  strains 
imposed  upon  the  girders  do  not  exceed  in  any  case  what  good  iron 
ought  to  stand. 

The  factor  of  safety  required  by  the  Rapid  Transit  Commissioners 
and  the  daily  thorough  inspection  maintained  render  the  structures  per- 
fectly safe. 

The  maintenance  of  the  structure,  track,  signals  and  buildings  is  in 
charge  of  the  chief  engineer,  his  assistants,  and  the  road  master  and  hi& 
assistants,  four  supervisors,  and  the  structure  and  track  foreman. 
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Daily  reports  are  made  by  the  road  master  to  the  chief  engineer,  who 
reports  the  same  day  to  the  general  manager,  all  defects  in  foundations, 
structure  or  track.  We  have  also  arranged  with  Mr.  Albert  Lucius,  M. 
Am.  Soc.  C.  E.,  an  expert  bridge  engineer,  to  make  frequent  examinations 
of  the  strixctures  and  report  to  the  chief  engineer  every  two  or  three 
months. 

The  great  increase  of  travel  on  the  Third  and  Sixth  avenue  lines  has 
made  it  necessary  to  increase  the  weights  of  the  engines  from  17  to  19 
and  21^  tons,  and  to  keep  the  factor  of  safety  within  the  limit  jarescribed 
l)y  the  Rapid  Transit  Commissioners,  we  have  strengthened  the  floor 
beams  on  the  Sixth  avenue,  pin-connected  structure  and  strengthened 
the  Third  avenue  girders  by  a  doiible  system  of  triangulation,  the 
braces  united  at  their  intersections.  The  5  x  10  inside  guard  timbers 
Lave  been  replaced  by  timbers  6x8  inches,  also  an  additional  timber 
has  been  put  alongside  the  outer  rail,  making  the  guard  12  x  8  inches. 
Fifty-i^ound  rails  are  being  replaced  by  70-pound  rails.  The  pounding 
of  the  rail  joints  has  been  lessened  by  the  use  of  improved  supports  and 
splices.  The  Fisher  joint  has  so  far  given  very  good  satisfaction  byi^re- 
senting  to  the  tread  of  the  wheel,  when  passing  from  one  rail  to  another, 
an  even  surface. 

The  greatest  metal  wear  is  on  the  steel  rails  of  the  sharp  curves, 
those  of  90-feet  radius.  These  have  to  be  renewed  about  every  18 
months.  The  ties  have  shown  very  little  decay,  and  have  been  down 
from  eight  to  ten  years.  Many  are  shortened  and  broken  up  by  the 
spikes,  bolts,  log  screws,  etc.  All  those  taken  out  are  rejolaced  by  ties 
six  inches  deep  and  eight  inches  wide. 

Mr.  Graff. — You  are  in  the  condition  of  the  bridge  structures,  you 
have  not  reached  the  standard  for  the  i^roper  elevated  road,  but  you  are 
searching  for  it  by  strengthening  every  part? 

Mr.  Sloan. — I  would  recommend  the  use  of  plate  girders  for  a  proper 
elevated  road.  We  all  know  that  the  plate  girder  if  properly  propor- 
tioned is  economical,  stiff,  trustworthy  and  requires  less  inspection  than 
any  other  form  of  short  span  girders. 

A  Member. — What  is  the  size  of  the  plate  girders? 

Mr.  Sloan. — Those  plate  girders  lately  put  in  are  39  inches  deep. 
Top  chords  6x6  angles,  65  pounds  to  the  yard,  web  i  inches.  Those  on 
the  old  Ninth  avenue  structure  and  in  Battery  Park  are  about  24  inches 
deep,  but  are  very  stiff,  seldom  find  a  loose  nut. 

J.  Foster  Flagg,  M.  Am.  Soc.  C.  E. — The  ties  are  not  creosoted? 

Mr.  Sloan. — No,  sir;  three  years  ago  we  tried  some  which  had  been 
vulcanized. 

Mr.  Flagg. — Have  you  tried  broken-jointed  rails? 

Mr.  Sloan. — Yes,  sir;  we  break  the  rail  joints. 

Mr.  Flagg.  — Do  you  use  the  bevel  joint? 

Mr.  Sloan. — We  tried  the  bevel  joint  for  ashort  distance  on  the  Sixth 
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avenue,  but  I  Avould  not  attempt  that  again.  I  would,  i^refer  to  have  a 
square  rail  joint. 

A  Member. — Do  you  find  any  defects  apparent  in  the  columns? 

Mr.  Sloan. — None  in  the  rectangular  columns.  We  found  some  two 
years  ago,  during  very  cold  weather,  a  few  rivets  had  burst  in  some  of 
the  high  Phoenix  columns  which  were  filled  with  cement  mortar.  I 
think  it  was  caused  by  the  contraction  of  the  iron  segments  which  form 
the  column  hugging  close  the  rigid  cement  column  inside.  Each  segment 
as  it  contracted  j^ulled  away  from  the  others  so  hard  as  to  burst  the  head 
from  the  rivet.  I  did  not  consider  there  was  danger  to  the  structure,  as 
the  surplus  strength  of  the  columns  is  very  great. 

J.  J.  K.  Croes,  M.  Am.  Soc.  C.  E.— What  is  the  weight  of  the 
engines? 

Mr.  Sloan. — From  15  to  21^  tons,  according  to  the  type. 

Mr.  Croes. — During  the  busy  hours  what  is  the  interval  between  the 
trains  on  the  Third  avenue  road? 

Mr.  Sloan.  — About  two  minutes,  Imt  that  is  at  129th  street. 

Speaking  of  grade  crossings,  the  interlocking  apparatus  we  use  at 
Chatham  square  has  demonstrated  what  can  be  done  in  passing  trains  if 
carefully  managed.  About  3  000  000  trains  have  passed  over  the  cross- 
ings at  this  point,  and  there  has  been  but  one  collision;  that  occurred 
last  fall.  A  train  coming  from  Second  avenue  collided  with  a  north- 
bound train  going  up  Third  avenue;  the  engine  driver  ran  jsast  the  red 
or  danger  signal. 

The  Chairman. — Since  you  have  been  strengthening  the  Third  ave- 
nue line  have  you  seen  any  loosening  of  rivets? 

Mr.  Sloan. — I  have  heard  of  none  on  the  girders  which  have  been 
reinforced.  Where  the  structure  is  painted  a  light  color  a  loose  rivet  is 
soon  discovered  by  the  little  streak  of  rust  which  shows  on  the  light 
paint. 

Mr.  Croes. — How  long  is  it  expected  to  continue  the  strengthening? 

Mr.  Sloan. — We  commenced  about  three  years  and  a-half  ago,  and 
will  have  the  Third  avenue  line  done  by  next  spring. 

Mr.  Croes. — How  many  trains  run  over  the  Third  avenue  road  a  day? 

Mr.  Sloan. — On  an  average  490  going  north  and  490  coming  south. 

Mr.  Croes. — I  remember  a  few  months  ago  there  was  a  set  of  switches 
at  South  Ferry,  and  the  man  in  charge  said  there  were  2  400  trains  a  day 
passed  over  them. 

I  think  if  iron  bridges  are  good  for  anything  at  all  that  the  two  lines 
of  iron  bridges  in  New  York  ought  to  show  their  defects  and  their  merits. 
I  do  not  suppose  that  any  iron  structure  in  the  world  is  subjected  to  the 
tests  that  these  are. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — In  a  paper  by  Mr.  Benjamin 
Baker,  of  London,  an  eminent  engineer,  upon  the  strength  of  materials 
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subject  to  alternate  and  repeated  strains,  lie  makes  the  statement  that 
the  elevated  roads  of  New  York  Citj  have  developed  unexpected  defects 
due  to  the  frequent  application  of  the  loading.  There  is  no  truth  in  this 
statement.  I  was  connected  with  these  roads  during  their  early  stages, 
antl  have  ever  since  made  their  action  a  special  subject  of  study  and  ob- 
servation. I  had  nothing  to  do  with  their  design  or  jDroportions,  but 
did  have  an  intimate  knowledge  of  their  construction. 

In  some  cases,  charter  time  agreements  necessitated  the  temporary 
acceptance  of  imperfect  work.  This  was  one  cause  of  the  renewal  of  cer- 
tain portions.  Another  was  the  unexpected  development  of  the  traffic. 
Locomotives  capable  of  handling  two  cars  were  supposed  to  be  amjjle, 
whereas  now  trains  of  five  cars  are  inadequate  to  satisfy  the  demands. 
To  provide  for  this,  much  increased  strength  has  had  to  be  provided. 
We  can  also  say  from  our  i3resent  knowledge  of  the  duties  to  be  per- 
formed by  these  roads,  that  the  design  is  not  the  best. 

There  have,  however,  been  no  defects  develojied  in  these  structures 
which  cannot  be  clearly  traced  to  faulty  design,  hasty  workmanship  or 
want  of  appreciation  of  the  traffic  demands.  And  not  a  bit  of  evidence 
can  be  found  to  show  that  the  rapidity  or  number  of  trains  have  devel- 
oped defects  that  would  not  in  time  have  been  produced  under  other 
conditions  of  the  same  loads. 

I  do  not  believe  that  any  number  of  applications  of  the  loading  will 
produce  any  more  injui'y  than  a  single  loading  upon  a  structure  so  pro- 
portioned that  the  actual  strains  shall  never  exceed  the  elastic  capacity 
of  the  material.  There  is  no  reason  why  an  elevated  railroad  cannot  be 
designed  and  constructed  to  be  as  permanent  as  any  other  structure 
made  by  man,  and  as  safe  as  any  other  system  of  railroad. 

Mr.  WiiiiiiAM  Kent. — I  am  not  a  bridge  expert,  nor  a  member  of  this 
Society,  but,  through  the  courtesy  extended  to  the  American  Society  of 
Mechanical  Engineers,  am  attending  your  convention. 

In  regard  to  the  competency  of  this  Society  to  pass  upon  the  ques- 
tion as  to  what  legal  measures  should  be  taken,  one  gentleman  says  this 
Society  is  not  competent  because  it  contains  several  professions.  There 
is  no  Society  to-day  especially  devoted  to  bridges.  This  Society  cer- 
tainly contains  within  itself  all  the  best  bridge  talent  of  the  country,  and 
if  they  are  only  five,  I  say  this  question  of  bridges  had  better  be  referred 
to  them  for  discussion.  The  work  done  recently  by  the  American 
Society  of  Mechanical  Engineers  on  the  question  of  standard  steam 
boilers  and  trials  of  standard  pipe  threads  was  this:  the  Society  aj^pointed 
two  committees,  one  of  boiler  experts  and  one  on  pipe  threads.  The 
boiler  report  was  submitted  and  discussed,  an  I  when  it  came  up  finally 
before  the  Society  they  recommended  that  it  should  be  jjrinted  by  the 
Society;  after  a  very  lengthy  discussion,  two  years  ago,  it  was  decided 
that  the  Society  should  indorse  no  report  and  should  take  no  action 
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Avhatever,  but  that  tbey  would  publish  this  report  Avith  the  names  of  the 
committee  attached.  It  was  the  general  opinion  that  the  report  would 
have  more  Meiglit  than  a  mere  vote  of  the  whole  Society.  When  the 
question  of  pipe  threads  came  up  it  was  aj^ain  decided  that  the  Society 
would  not  adopt  the  rejiort,  but  would  publish  it.  Now  all  the  steam- 
users  are  adopting  it  and  it  is  going  to  be  the  standard  of  this  country. 
Applying  thi-;  argument  to  the  bridge  question,  I  say  that  this  whole 
subject  of  what  measures,  legal  or  other,  can  b3  taken  had  better  be  re- 
ferred by  the  Society  to  a  committee  of  its  own  members,  who  should 
■work  for  one  year,  and  that  their  report  should  then  be  jiublished. 

Mr.  D.  J.  "Whittemoke. — In  the  main  I  agree  Avitli  the  conclusions  of 
Mr.  Bouscaren  as  given  previously  in  this  discus- sion.  I  cannot,  however, 
bring  myself  to  the  belief  that  difTerent  roads  and  their  branches  may 
Lave  bridges  of  different  ultimate  strengths.  Railways  are  operated  by 
superintendents,  not  by  engineers.  While  a  superintendent  may  be 
well  ijosted  as  to  the  capacity  of  structures  ui:)on  the  various  branches  of 
a  line  of  road  of  which  he  has  charge,  he  may  be  displaced  at  any  time 
and  a  new  superintendent  appointed  who  may  assume  at  once  that  all 
structures  withiu  his  jurisdiction  are  of  the  same  strength,  and  he  is 
liable  to  send  a  train  of  maximum  Aveight  over  any  portion  of  his  line. 
Of  this  I  can  cite  an  instance:  An  individual  owniug  a  i^atent  car 
designed  for  cari'ving  an  enormous  load  had  it  loaded  to  its  fullest 
caj^acity  at  one  end  of  our  line,  and  the  division  superintendent,  without 
inquiry,  started  it  on  the  way  to  its  destination.  It  so  happened  when  its 
journey  was  about  half  reached  that  the  matter  came  to  my  knowledge, 
and  while  we  would  have  been  able  to  have  safely  transported  the  car  to 
its  destination,  upon  my  representation  of  the  matter  to  the  general 
superintendent,  its  progress  was  arrested  and  one-half  its  load  removed. 
General  superintendents  understand  these  matters  pretty  thoroughly, 
but  they  are  not  always  able  to  control  the  action  of  division  superin- 
tendents who  are  younger  men,  therefore  I  am  strongly  of  the  opinion 
that  every  company  should  have  its  structures  on  all  its  lines  strong 
enough  to  safely  sustain  the  heaviest  traffic  of  the  day. 

I  think  it  quite  right  that  oiir  States  should  enact  laws  requiring 
railway  companies  to  have  periodical  inspection  of  structures  by  com- 
petent persons  and  also  require  said  companies  to  use  devices  that  are 
proved  to  conduce  to  the  public  safety,  and  we  know  the  laws  inflict  proper 
penalties  in  case  of  their  non-use,  but  I  do  object  most  strenuously  to 
having  men,  calling  themselves  engineers,  ap2)ointed,  through  political 
influence  and  receiving  their  appointments  through  State  officials  or  by 
election  from  the  jieople  and  not  selected  by  the  railway  company 
itself,  which  is  or  should  be  a  competent  judge  of  capacity,  to  tell  us  how 
to  do  our  business.  An  engineer  appointed  by  a  railway  company  has, 
or  should  have,  his  heart  in  the  business,  feel  responsible  for  the  safety 
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of  every  structure,  and  should  he  have  a  conviction  that  any  structure 
on  his  division  was  faulty,  his  conscience  would  not  permit  him  to 
neglect  the  matter  until  it  was  righted.  Generally,  I  think  that  the 
railway  comiiauies  of  any  magnitude  in  our  country  have,  or  are  now 
inaugurating,  a  pretty  thorough  system  of  inspection  of  their  structures; 
therefore,  I  say,  let  the  legislation  on  this  subject  be  general,  and  of 
such  a  character  as  will  impel  the  railway  companies  to  have  thorough 
and  competent  inspection  of  their  structures  by  their  agents  only.  States 
should  not  enter  upon  this  matter  without  being  willing  to  assume  re- 
sponsibility, through  neglect  of  their  own  agents. 

While  we  have  had  many  and  valuable  suggestions  as  to  the  insjiec- 
tion  of  bridges,  we  are  anxious  to  ascertain  the  ojiinion  of  members  as 
to  what  should  be  considered  a  proper  rolling  load  iu  designing  bridges 
for  the  present  and  future  traffic.  I  am  sure  that  superintendents  and 
mauagei-s  of  railways  will  continue  to  increase  the  size  and  weight  of 
carriages  and  the  load  carried  thereon,  until  thev  find  that  tie  and  rail 
become  insufficient  and  not  an  element  of  economy,  and  in  doing  this 
they  will  go  beyond  the  limit  of  economy,  as  railways  are  now  con- 
structed. A  general  expression  upon  this  subject  will  guide  many 
engineers  in  their  designs  hereafter. 

In  regard  to  standard  floor,  I  think  that  a  universal  floor  cannot  be 
well  adopted  for  this  reason:  conditions  are  diflferent  in  different  parts 
of  the  country.  Southern  roads  on  our  continent  do  not  have  to  con- 
tend with  the  snow  that  we  meet  with  in  the  northern  States  and  Terri- 
tories. In  the  northwestern  States,  Avhere  my  field  of  work  lies,  and 
where  the  temperature  is  no  more  severe  than  is  found  in  the  New  Eng- 
land States,  I  have  seen  snow  so  deep  that  men  when  shoveling  out  the 
track  rested  themselves  by  sitting  down  on  the  top  of  telegraph  poles; 
and  I  presume  there  are  several  here  present  who  have  had  analogous 
experiences  in  the  northwest.  While  the  climate  in  its  general  features 
is  not  widely  different  from  that  of  our  eastern  States,  the  wide,  open, 
rolling  prairies  permit  what  are  termed  blizzards,  that  pile  snow  to 
enormous  heights.  Without  due  consideration  of  these  matters  I  com- 
menced some  years  ago  building  the  floor  mentioned  by  Mr.  Pegram, 
and  pat  guard  rails  9  to  10  inches  outside  of  the  rail;  in  some  instances 
we  lined  this  with  iron.  Since  that  time  we  found  it  necessary  to  con- 
struct between  fifty  and  sixty  snow-plows,  or  about  one  to  every  hundred 
miles,  and  any  number  of  what  we  call  flangers,  and  to  operate  these 
snow-plows  and  flangers  safely,  it  has  been  necessary  to  plat-e  the  guard 
rails  instead  of  10  inches  outside  of  the  rail  to  from  14  to  17  inches. 
While  it  may  be  Avell  to  recommend  the  Latimer  guard  on  many  of  the 
lines  of  this  country,  I  fear  it  will  be  difficult  to  introduce  it  on  all.  In 
regard  to  grade  crossings,  I  am  sure  that  it  is  not  policy  for  this  Society  to 
express   an  opinion;   density   of   population  will   control  this  matter. 
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When  our  company  built  into  Minneapolis  it  was  a  small  place,  and  we 
went  across  streets  at  nearly  grade;  now  since  the  city  has  grown  to  its 
present  size  we  are  about  to  lower  many  of  the  crossings  below  the  rail- 
way or  above,  as  may  seem  proper.  Had  we  been  compelled  to  do  this 
at  the  outset  it  would  have  been  many  years  before  that  place  would 
have  secured  a  railway  to  it.  The  volume  of  traffic  and  importance  of  a 
highway  for  the  pul)lic  using  the  same,  determines  what  is  policy  in 
such  cases,  and  ordinarily  the  railway  companies  and  the  public  are 
able  to  settle  this  matter  satisfactorily. 

Robert  Moore,  M.  Am.  Soc.  C.  E. — I  symj^athize  with  Mr.  Whitte- 
more  in  Avhat  he  says  about  the  excessive  loads  which  are  put  upon 
bridges.  I  think  that  the  branch  lines  might  perhaps  co-operate  with 
the  engineer  if  he  adopted  a  lower  standard  in  his  bridges,  yet  he  can 
have  no  assurance  that  some  abnormal  load  will  not  be  put  upon  them. 
I  am  therefore  very  much  in  favor  of  building  bridges,  even  of  branch 
lines,  up  to  a  high  standard,  provided  the  money  can  be  obtained;  for, 
of  course,  this  is,  after  all,  the  controlling  consideration.  But  if  you 
cannot  do  any  better,  I  would  build  bridges  to  carry  2  000  poiinds  i^er 
foot,  which  is  the  old  standard  to  which  bridges  used  to  be  built. 

Speaking  of  abnormal  loads,  I  would  mention  the  case  of  the  trans- 
portation of  our  street  cables.  Within  the  last  two  or  three  weeks  we 
have  had  pass  over  the  bridge  at  St.  Louis  a  number  of  these  cables,  of 
which  the  last  one  weighed  over  90  000  pounds,  and  was  on  a  car  which 
could  not  have  weighed  less  than  30  000  more,  giving  for  a  30- foot  car  a 
load  of  4  000  pounds  per  lineal  foot,  which  is  much  too  great  lor  most 
bridges.  It  is,  in  fact,  a  load  which  bridges  ought  not  to  have  to  stand, 
as  the  damage  to  the  track  of  even  our  best  roads  caused  by  loads  like 
these  is  so  great  as  to  make  them  anything  but  economical. 

Mr.  D.  J.  Whittemore. — It  seems  to  me  that  there  is  another  view 
to  take  of  this  matter — Mr.  McAlpine  can  correct  me  if  lam  wrong,  and 
that  is,  that  in  the  early  inception  of  railways  in  this  country  they  could 
be  operated  after  the  rails  were  laid,  and  then  the  civil  engineer  was  no 
longer  required.  Generally,  as  soon  as  an  engine  could  pass  over  the 
road  the  civil  engineer  was  dispensed  with  as  soon  as  possible.  Often- 
times he  was  looked  upon  during  the  construction  as  a  necessai'y  evil, 
one  who  spent  money  l)ut  did  not  earn  any.  In  this  way  many  railways 
were  operated  for  about  seven  years,  and  by  that  time  ran  into  bank- 
ruptcy. The  successors  of  the  bankrupt  company  then  were  forced  to 
the  conclusion  that  they  rec[uired  a  civil  engineer  to  direct,  and  replace 
the  decayed  and  worn-out  structiires,  and  often  employed  the  cheiijiest 
man  they  could  get,  brave  enough  to  confer  upon  himself  the  title  of 
civil  engineer,  to  act  as  such. 
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W.  J.  Mc Alpine,  Past  President  Am.  Soc.  C.  E.— I  want  to  say  that 
I  commenced  engineering  at  a  salary  of  ^10  a  month  and  board. 

Mr.  Whittemore. — Nearly  every  railway  company  of  magnitude  on 
our  continent  at  the  j)resent  time,  I  am  happy  to  say,  finds  it  necessary 
to  em^DJoy  the  best  tfilent  it  can  secure  not  only  in  the  engineer  service, 
but  in  every  other  department  of  railway  service.  Now  there  can  be 
found  men  of  as  much  ciilture,  honesty  and  energy  as  can  be  found  in 
any  avocation  in  life;  and  any  railway  company  that  has  not  these  factors- 
cannot  serve  its  stockholders  properly.  It  is  entirely  unnecessary  for 
me  to  make  such  remarks  before  the  members  of  this  Society,  but  we 
must  remember  that  our  proceedings  are  sometimes  perused  by  men,  not 
engineers,  interested  in  railways. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED     1852. 


Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 

in  any  of  its  publications. 


373. 

(Vol.  XVII.— December,  1887.) 


INSPECTORS   AND   BRIDGE   WORK. 


By  Samuel  Tobias  Wagner,  M.  Am.  Soc.  C.  E. 
Eead  at  the  Annual  Convention,  July  2d,  1887. 


WITH   DISCUSSION. 

Tlie  object  of  this  jjaper  is  to  discuss  the  characteristics  and  work  of 
insijectors,  especially  as  regards  their  bearing  on  the  bridge  industries 
of  this  country,  and  to  determine  upon  the  most  harmonious  relations 
between  them  and  the  manufacturer. 

Inspectors  may  be  divided  into  two  broad  but  eminently  distinct 
classes,  viz. : 

First. — Those  who  know  what  they  want,  and  know  when  they 
have  it. 

Second. — Those  who  do  not  know  exactly  what  they  want,  and  there- 
fore are  often  at  a  loss  to  decide  when  they  have  it. 

Manufacturers  may  also  be  divided  into  two  classes,  viz. : 

I.  Those  who  intend  to  give  good  work,  who  have  a  rejjutation  at 
etake,  and  who  value  it. 

II.  Those  who  will  resort  to  underhand  dealings  in  order  to  pass  off 
bad  work,  and  whose  object  is  to  make  money  at  the  expense  of  their 
i'ei:)utation. 
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The  combinations  of  these  four  classes,  under  various  conditions,  is 
the  princiijal  subject  of  this  paper;  and  although  no  definite  rules  can 
be  laid  down  as  to  methods  of  procedure,  nevertheless  it  is  possible 
to  adjust  certain  points  which  will  tend  towards  a  clearer  under- 
standing as  to  the  scope  and  jurisdiction  of  both  manufacturer  and 
inspector. 

In  bridge  work  the  percentage  of  inspectors  per  pound  of  iron  is  in- 
creasing very  rapidly,  and  this  fact  makes  it  all  the  more  important  that 
a  thorough  understanding  of  the  scope  of  inspectors  be  reached,  as  upon 
them  depends,  to  a  very  large  extent,  the  tranquil  or  ruffled  close  of  a 
contract. 

All  railroads  of  any  magnitude  have  their  regular  corps  of  inspectors, 
or  special  inspectors,  under  the  chief  or  a  consulting  engineer,  and  bridges 
of  any  consequence  which  are  left  without  an  inspector  are  fast  becom- 
ing things  of  the  past. 

The  object  of  an  inspector  is  to  determine  whether  the  contractor  is 
living  uj)  to  his  specifications.  The  specifications  should  always  be  as 
complete  as  possible,  and  no  contract  should  be  let  without  them.  There 
is  nothing  so  unsatisfactory  for  both  contractor  and  insiiector  as  to  try 
to  accomplish  an  uncertainty  in  a  satisfactory  manner,  and  if  they  suc- 
ceed in  getting  along  well  the  conditions  must  be  most  favorable. 

No  contract  should  be  signed  without  specifications,  if  anything  is  to 
be  required  and  demanded,  and  neither  party  in  signing  should  lose 
sight  of  what  they  are  agreeing  to  do.  I  dare  say  many  contracts  are 
signed  with  perha^js  merely  a  glance  at  the  sijecifications,  and  then  when 
the  contractor,  in  the  hurry  of  his  work,  is  reminded  by  the  inspector 
that  some  certain  clause  is  not  being  complied  with  (of  the  existence  of 
which,  perhaps,  he  has  never  heard),  it  is  sure  to  make  trouble,  especially 
if  it  is  expensive  to  remedy.  This  at  once  makes  unpleasant  relations 
between  the  two,  and  only  one  party  is  to  blame. 

An  insi^ector  should  not  only  have  specifications  and  know  them  by 
heart,  but  should  understand  exactly  what  is  meant,  and  be  capable  of 
sayiog  whether  the  work,  as  performed,  is  in  accordance  with  them  or 
not.  If  his  inspection  is  not  to  be  final  (a  condition  of  things  which 
should  never  happen),  he  should  know  what  he  has  a  right  to  accepts 
and  what  to  reject.  There  should  be  but  one  inspection  of  raw  material, 
one  inspection  of  work  leaving  the  shops,  and  one  of  the  finished  struct- 
ure, and  each  should  be  final  for  what  it  was  made. 
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An  excellent  plan  to  be  observed  throughout  a  contract  is  that  of 
Laving  all  material  that  has  been  accepted  from  the  mills  stamped  by 
the  inspector.  In  the  same  way  the  inspector's  stamp  should  appear 
upon  every  finished  bridge  member,  and  thus  show  that  it  has  been  ac- 
cepted. 

It  is  very  unfortunate,  both  for  railroad  companies  and  manufactiirers, 
that  there  are  inexperienced  inspectors  for  bridge  work.  It  too  often 
happens  that  men  of  no  theoretical  or  practical  training  in  any  branch 
of  engineering,  are  deemed  competent  to  decide  upon  the  merits  of 
work  when  they  do  not  know  the  iirinci^jles  of  its  construction,  and 
it  is  this  class  of  inspectors,  under  csrtain  circumstances,  who  are  very 
annoying  to  the  contractor  and  cause  him  most  trouble. 

A  man's  disposition  determines,  in  a  large  measure,  his  success  as  an 
inspector.  A  naturally  suspicious  man  makes  his  own  life  a  burden, 
besides  being  a  source  of  needless  worry  to  all  around  him;  while  one 
free  from  suspicion  and  with  even  an  ordinary  amount  of  common 
sense  and  intelligence  can  get  good  work  and  make  no  trouble  even  if 
his  technical  knowledge  is  small. 

If  an  insi^ector  is  determined  to  make  things  unpleasant  he  can 
always  succeed  in  so  doing,  as  his  power  for  the  time  is  necessarily 
great;  but  unless  his  reasons  are  good  he  commands  little  considera- 
tion from  the  contractor,  and  soon  becomes  unpopular. 

The  contractor,  ui^on  beginning  work,  should  notify  the  inspector 
at  once  of  the  fact,  in  order  that  he  may  avoid. delays  and  unnecessary 
exjjense. 

In  the  standard  specifications  for  material  and  workmanship  of  iron 
and  steel  structures  adojjted  in  this  country  by  the  leading  bridge 
builders,  a  clause  is  introduced  bearing  upon  this  point  which  is  ex- 
cellent; part  is  herewith  quoted: 

13.  "The  inspection  and  tests  of  material  will  be  made  promptly 
upon  its  being  rolled,  and  the  quality  determined  before  it  leaves  the 
rolling  mill.  All  necessary  facilities  for  this  purpose  shall  be  atibrded 
by  the  manufactiirer,  but  if  the  inspector  is  not  present  to  make  the 
necessary  tests,  after  due  notice  is  given  him,  then  the  contractor  ;shall 
proceed  to  make  such  number  of  tests  as  may  have  been  agreed 
upon,"  etc. 

By  this  means  all  raw  material  reaching  the  bridge  shops  will  have 
been  insjoected  and  tested,  and  no  extra  handling  should  be  allowed  as 
is  now  too  often  the  case.     In  the  insiiection  of  the  raw  material  from 
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the  rolling  mill  the  inspector  should  pass  upon  the  straightness  of  the 
individual  pieces,  if  he  will  not  allow  means  of  remedying  this  defect 
afterwards. 

In  many  of  the  English  and  French  shipyards  not  a  pound  of  iron 
or  steel  will  be  accepted  without  the  inspector's  stamp,  and  if  this  rule 
■were  adhered  to  more  closely  in  America,  much  trouble  and  serious  ex- 
pensive delays  could  be  avoided. 

Assuming  that  all  the  iron  for  a  bridge  has  been  rolled,  tested  and 
inspected  for  surface  defects,  straightness,  etc.,  and  has  been  delivei-ed 
at  the  shops,  the  question  then  arises  as  to  what  inspection  should  be 
made  as  the  work  progresses,  and  where  the  same  should  be  examined. 
As  this  question  is  difficult  of  solution,  it  may  be  well  to  briefly  divide 
up  the  dift'erent  classes  of  work  on  a  bridge,  and  to  take  an  ordinary 
through  span  as  an  example. 

We  may  divide  the  work  upon  this  into: 

f  Floor  beams.  Intermediate  jjosts. 

1.  Eiveted  members.  ■{  Stringers.  Struts. 

(_  Chords  and  end  posts.     Pedestals  and  wall-plates. 

o    -pi    .  •  J  Eye-bars.  Upset  and  eye  rods, 

oigings I  Qjgyjggg^  Q^^^  other  blacksmith  work. 

3.  Machine  work Pius,  rollers,  turned  bolts,  etc. 

We  can  omit  any  discussion  of  sections  2  and  3,  as  any  inspection 
before  the  final  one  is  entirely  unnecessary,  except,  perhaps,  an  examina- 
tion into  the  methods  of  manufacture  if  special  methods  are  required 
in  the  sijecifications.  In  case  no  special  operations  are  demanded,  the 
inspector  has  no  right  to  insist  on  a  special  method  being  adopted  by  the 
contractor,  if,  in  the  end,  the  work  is  satisfactory. 

Under  the  head  of  riveted  members  so  many  requirements  are  in- 
cluded that  we  cannot  arrive  at  so  rapid  a  solution.  Most  sisecifications 
do  and  should  cover  almost  all  the  separate  steps  in  manufacture  from 
the  raw  material  to  the  finished  member. 

Assuming,  for  example,  a  section  of  the  top  chord  of  a  bridge,  let  us 
follow  it  through  the  shop.  It  is  punched,  riveted,  faced  and  bored, 
and  about  each  operation  something  is  usually  specified. 

In  the  punching  the  only  necessary  i)oint  for  the  inspector  to  satisfy 
himself  upon  is  the  relation  between  the  punch  die  and  rivet  to  be  used. 
If  this  is  not  specified  no  inspection  is  necessary,  but  it  is  apt  to  appear 
in  almost  all  cases. 
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In  the  assembling  of  the  punched  parts  for  riveting,  he  may  have  to 
satisfy  himself  that  the  work  has  been  properly  punched,  and  that  no 
gouging  of  holes  is  allowed.  Unless  his  contract  is  small,  or  he  has 
plenty  of  assistance  he  will  not  be  able  to  devote  much  of  his  time  to 
this  part  of  the  work.  At  this  i^oint  the  inexperienced  inspector 
usually  brings  up  the  drift  question,  and  some  arguments  are  usually 
necessarj  to  convince  him  that  it  is  as  yet  harmless. 

When  the  member  is  being  riveted  he  may  with  propriety  watch  the 
drift,  and  as  soon  as  the  member  is  comjiletely  riveted  should  jiass  (by 
marking)  upon  the  quality  of  the  riveting  and  straightness  of  the  mem- 
ber. The  member  is  noAv  faced  and  bored  and  the  final  inspection 
made  for  length  and  distance  between  jain  holes,  and  the  final  stamp 
placed  upon  it,  after  which  it  is  painted  or  oiled  and  ready  to  ship. 

It  seems  to  be  a  disputed  point  among  inspectors  whether  these  final 
measxxrements  are  necessary,  as  in  some  cases  they  omit  them  entirely, 
while  in  others  the  manufacturer  is  checked  on  every  point.  It  seems 
to  the  writer  that  these  extremely  careful  measurements  are  unnecessary, 
especially  if  the  same  contractor  erects  the  structure.  Of  course  the 
inspector  may  desire  to  check  them  up  for  his  own  satisfaction,  and  it 
no  doubt  eases  his  conscience. 

The  instrument  generally  used  by  those  who  use  and  check  the  final 
measurements  is  the  steel  tape,  and  each  insj^ector  making  the  measure- 
ments wants  his  tape  taken  as  the  standard.  For  the  purj^ose  of  check- 
ing measurements  within  one-eighth  of  an  inch  the  steel  tape  will  answer 
fairly  well,  l)ut  further  than  this  it  should  not  be  relied  upon.  For 
finer  checks  than  one-eighth  of  an  inch  the  shop  standards  should  be 
used,  as  it  must  be  assumed  that  the  whole  bridge  will  be  built  from 
them. 

For  these  fine  measurements  the  writer  prefers  standai'd  steel  poles. 

If  the  inspection  is  not  made  on  riveted  members  as  above,  the  manu- 
facturer may  be  seriously  delayed  if  all  the  insijections  mentioned  are 
intended  to  be  carried  out  and  a  very  strict  insi^ector  on  hand.  There 
should  therefore  be  a  distinct  understanding  between  contractor  and 
inspector  as  to  just  what  points  are  to  be  specially  inspected  and  the 
work  arranged  in  the  shops  to  suit.  If  the  inspection  is  to  be  rigid 
upon  straightness,  then  the  work  should  be  inspected  as  soon  as  it  has 
been  riveted. 

On  the  other  hand,  if  the  contractor  understands  just  what  quality  of 
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workmausliip  is  reqitired,  then  the  clanger  in  having  one  final  inspection 
is  lessened,  but  not  entirely  averted,  whereas  with  some  inspectors  it  is 
not  safe  to  proceed  more  than  a  step  at  a  time. 

To  insure  prompt  execution  of  the  work  the  inspector  should  pass 
upon  it  promptly  and  decidedly,  and  should  know  just  what  to  give  and 
take  in  case  of  a  question  on  a  minor  jDoint.  An  inspector  who  adopts 
a  standard  within  the  reach  of  mortal  man,  and  sticks  to  it,  has  less 
trouble  with  the  manufacturer  than  one  who  is  changing  constantly. 
The  two  arrive  at  a  distinct  understanding  and  each  know  when  they 
have  passed  the  line. 

To  insure  pleasant  relations  between  a  rigid  insijector  with  detailed 
specifications,  and  a  contractor  with  a  reputation,  the  ins^jector  on  the 
one  hand  must : 

First. — Have  had  some  exjierience,  and  have  and  exercise  common 
sense,  besides  thoroughly  understanding  his  specifications. 

Second. — Be  on  hand  promptly  and  see  all  the  material  tested  and 
inspected. 

Third. — Have  a  distinct  understanding  with  the  contractor  as  to 
what  will  be  exjjected. 

Fourth. — Be  on  hand  while  the  work  is  progressing  on  his  contract 
and  keep  himself  informed  as  to  when  he  will  be  wanted. 

Fifth. — Inspect  the  work  as  it  progresses,  and  not  leave  it  until  it  is 
ready  to  ship. 

Sixth. — In  case  of  a  piece  of  questionable  work,  reject  it  for  the 
moment  if  other  work  is  awaiting  inspection,  and  decide  finally  at  a 
more  opportune  time.  The  writer  has  seen  an  inspector  halt  and 
deliberate  for  a  whole  day  over  one  piece  of  work,  while  other  urgent 
work  was  awaiting  his  inspection. 

On  the  other  hand,  the  contractor,  iu  order  to  carry  out  his  part  of 

the  programme,  must : 

T. — Determine  to  live  up  to  his  specifications  as  he  understands 
them. 

II. — Arrange  with  the  inspector  iu  detail  where  the  different  iusjDec- 
tions  of  the  material  and  work  are  to  be  made. 

m. — Give  the  inspector  ample  notice  when  he  will  be  wanted. 

Perhaps  it  would  be  advisable  to  have  printed  forms  as  given  below 
to  be  filled  out  by  the  contractor  and  inspector  at  the  beginning  of  a 
contract,  and  each  retain  a  copy. 
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Inspection  of  Eaw  Matekial. 


Contractor's  Order. 


,18.. 

Inspector's  Order. 


Description. 

To  BE  MADE  AT. 

Tests  kequiked. 

Universal  plates 

Sheared  plates 

Angles 

Channels,  etc 

Bar  iron 

Pin  iron 

Castings 

Other  shajoes 

Contractor, 
Insi)ector. . 


This  would  have  the  effect  of  systematizing  the  testing  and  the 
location  at  which  the  material  is  to  be  made,  thus  furnishing  in  a 
proper  manner  a  great  deal  of  information,  which  the  insi^ector  has 
ordinarily  to  find  out  from  time  to  time  as  best  he  can. 

It  will  be  impossible  to  follow  any  regular  course  for  the  riveted 
work,  as  everything  depends  upon  circumstances;  but  the  writer  cannot 
too  strongly  urge  that  the  inspection  should  in  no  case  be  left  until  the 
work  is  entirely  finished,  excei^t  where  absolutely  necessary,  especially 
if  insj^ector  and  contractor  are  strangers.  It  is  admitted  that  this 
method  of  examining  the  work  at  various  stages  in  its  jjrogress  makes 
more  work  for  the  inspector,  but  if  everything  is  to  be  examined  it  is 
merely  a  question  of  Avhen  it  is  to  be  done.  Besides,  if  any  alterations 
are  to  be  made  they  cannot  be  made  too  soon  in  the  progress  of  the 
work,  as  they  are  easier  remedied  and  the  damage  done  to  the  piece 
made  very  much  less. 

A  veiy  unfortunate  case  is  that  of  rejection  of  work  by  an  inspector 
which  the  contractor  feels  is  unjust,  becaiise  the  only  appeal  is  to  the 
inspector's  superior,  and  in  nearly  every  case  he  is  sure  to  be  sustained 
in  his  decision.  If  the  inspector  determines  not  to  yield,  the  contractor 
in  most  cases  must  give  np  the  fight.  This  is  one  of  the  most  exas- 
perating positions  for  him  to  be  placed  in,  as  he  virtually  has  no  redress. 
Could  not  a  clause  be  inserted  in  specifications  providing  for  arbitration 
in  a  case  like  this  ? 
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As  it  now  stand",  the  only  thing  a  contractor  can  do  is  to  be  very 
careful  in  signing  a  contract  to  ascertain  who  the  inspector  of  the  work 
is  to  be,  and  if  the  same  is  well  known  for  giving  trouble,  throw  up  the 
contract  unless  another  is  substituted.  This  method  is  in  existence;  its 
use  is  unpleasant,  and  it  is  very  much  to  be  regretted  that  there  is  ap- 
parently no  better  way  out  of  the  difficulty. 

A  rather  remarkable  condition  of  things  may  here  be  noted:  As  good 
work  is  almost  invariably  obtained  by  inspectors  who  have  no  serious 
difficulty  with  contractors,  as  by  those  who  are  constantly  at  variance 
with  them,  and  it  will  be  found  in  most  of  these  cases  that  the  reason  is 
their  uniformly  just  decisions,  thus  giving  the  contractor  no  ground  for 
complaint. 

An  inspector's  decision  once  given  should  be  final,  and  if  he  does  not 
use  a  stamp  it  is  advisable  that  he  should  accept  everything  in  writing, 
although  the  stamp  is  much  the  preferable  way. 

The  writer,  although  unwillingly,  is  in  favor  of  a  black  list  of 
troublesome  inspectors  to  be  circulated  among  bridge-builders,  but  feels 
that  if  the  matter  were  to  receive  proper  attention  the  most  serious 
points  that  lie  as  stumbling  blocks  between  inspector  and  contractor 
could  be  removed  by  a  system  of  arbitration;  that  this  would  place  the 
blame  where  it  was  due,  and  thus  avoid  troiibles  that,  if  not  thicken- 
ing, are  growing  none  the  less. 

DISCUSSION. 

Mr.  J.  B.  Johnson,  M.  Am.  Soc.  C.  E. — I  would  like  to  ask  whether 
Mr.  Wagner  can  get  better  results  with  steel  measuring  rods  than  with 
steel  tajjes.  In  my  experience  the  steel  tape  is  the  most  accurate  way  of 
measuring  that  has  yet  been  devised. 

S.  T.  Wagner,  M.  Am.  Soc.  C.  E.— In  answer  to  that,  it  has  been 
our  experience  that  steel  tapes  expand  or  contract  quicker  than  the  mass 
of  the  metal  they  are  on.  And  it  is  one  disadvantage  that  most  of  the 
steel  tapes  are  divided  rather  crudely ;  it  is  very  seldom  that  you  see  a 
steel  tape  divided  into  less  than  an  inch.  In  the  case  of  the  steel  rod,^ 
at  least  one  such  as  I  have  seen  used,  the  division  is  very  sharp,  and 
when  they  are  only  divided  into  feet,  the  inch  and  fractions  of  an  inch 
can  be  measured  off  very  closely  with  the  standard  12-inch  steel  rule. 
I  have  seen  recently  some  steel  tapes  which  are  divided  into  sixteenths 
of  an  inch,  and  in  which  the  divisions  are  very  sharp.  As  for  these  I 
cannot  say  how  they  would  work,  but  a  great  many  inspectors  have 
brought  steel  tapes  and  have  called  attention   to  the   fact  of  certain. 
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differences,  but  the  marks  were  not  exact  and  -when  we  have  measured 
tliem  -we  found  that  we  couhl  not  agree  with  the  inspectors.  lu  the 
works  where  I  am  engaged  they  have  discarded  the  use  of  the  steel 
tapes  except  for  measurements  not  including  fractions  of  an  inch. 

Mr.  J.  B.  Johnson.— This  brings  up  the  general  subject  of  long  stand- 
ards of  length.     There  are  many  difficulties  with  long  standards  of  any 
kind.    The  universaldifficulty  of  temperature  is  an  additional  difficulty 
with  a  long  standard,  affecting  its  absolute  length.     There  are  no  two 
standards  that  will  agree  and  the  trouble  increases  with  the  length. 
Now,  it  seems  to  me  there  should  be  a  greater  effort  to  obtain  accuracy 
in  long  standards,  say  in  50-foot  or  100-foot  tapes  or  chains,  but  in  tapes 
rather  than  in  chains.     At  present  we  can  only  rely  on   the   maker's 
brand,  and  heretofore  there  have  been  few  facilities  in  this  country  for 
getting  absolute  lengths  of  tapes.     It  is  now  possible  to  do  that.     There 
are  now  in  St.  Louis  two  tapes,  300  feet  long  each,  which  are  absolute 
standards.     They  are  absolute  lengths  that  have  been  determined  by 
•comparison  with  United  States  base  lines  so  that  the  lengths  are  known 
with  an  accuracy  of  one-millionth  part  of  the  length.     Whether  it  be 
the  standard  meter  bar  of  the  French  archives,  or  whether  it  be  the  base 
line  4  or  5  miles  in  length,  there  never  has  been  any  means  devised  for 
getting  the  absolute  length  over  about  the  one-millionth  part;  but  that 
may  be  done  with  the  steel  tape,  and  the  steel  tape  may  be  used  for  get- 
ting other  lengths  with  that  same  degree  of  accuracy.     It  is  now  abso- 
lutely proven  by  the  measurement  of  base  lines  on  the  Missouri  River 
Survey,  the  details  of  which  are  printed  in  the  Report  of  the  Missouri 
River  Commission  for  1886  and  1887,  that  base  lines  can  be  measured 
with  a  steel  tape  as  accurately  as  has  ever  been  done  with  the  most  elab- 
orate apparatus  ever  invented.     So  that  men  who  are  engaged  in  the 
most  accurate  measurements  are  coming  round  to  the  steel  tajie  as  being 
the  best  and  most  accurate  standard  that  has  been  used;  therefore,  I 
think  that  it  shoukl  not  be  dismissed  from  such  work  as  this  too  hastily. 
'The  probability  is  that  if  good  results  have  not  been  obtained  from  it,  it 
is  because  it  has  not  been  properly  used.     Of  course  it  should  have 
iiccuracy  of  subdivision. 

It  seems  to  me  that  if  a  small  tape,  say  J:  of  an  inch  wide  and 
,i\  of  an  inch  thick,  of  about  0.002  of  a  square  inch  in  cross  section  could 
be  laid  upon  an  iron  member,  it  would  very  soon  reach  the  temiDcrature 
of  that  member  ;  the  small  tape  laid  i;pon  the  iron  member  woiild  arrive 
at  the  exact  temperature  of  that  member  ;  that  is  a  result  that  is  to 
be  desired.  If  you  take  the  large  iron  rod  it  would  not  arrive  at  the 
temperature  of  the  member  in  a  considerable  time.  Of  course  we  must 
know  the  various  constants  of  the  tape,  Init  when  the  tape  is  compared 
with  some  other  standard  tape  you  thou  get  th(^se  facts.  If  intelligently 
used,  the  steel  tape  is  destined  to  become,  I  believe,  the  most  valuable 
means  of  accurate  measurement  available  to  engineers. 
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A.  M.  Wellengton,  M.  Am.  Soc.  C.  E.— Mr.  Chairman,  did  I  under- 
stand, that  with  these  300-foot  st^el  tapes,  base  lines  can  be  measured 
as  accurately  as  by  the  cast-iron  ajiparatus  ? 

Mr.  Johnson. — Yes,  sir. 

Mr.  Wellington. — In  any  weather  ? 

Mr.  Johnson. — Not  in  ordinary  weather,  but  in  selected  weather. 
You  must  give  the  tape  a  fair  show,  and  you  must  get  the  actiial  tem- 
perature of  that  tape,  say  to  a  half,  or  a  tenth,  of  a  degree,  but  that 
whole  ques  ion  has  been  thoroughly  investigated.  If  the  base  line  be 
measured  foiir  times  and  scratches  on  zinc  strips  made  for  each  300  feet, 
and  the  temperature  is  not  the  same  on  any  two  measurements,  then 
these  marks  do  not  correspond. 

The  comparative  values  are  only  known  after  they  have  been  reduced, 
Y'^ou  have  then  an  absolute  check  for  each  300  feet,  and  that  furnishes  a 
good  opportunity  for  obtaining  the  probable  error.  With  proiaer  pre- 
cautionp,  in  the  best  weather,  a  probable  error  of  one  in  one  million  is 
readily  obtained.  The  tapes  are  sui^ported  on  a  series  of  wire  hooks, 
every  20,  or  30,  or  40  feet;  if  these  hooks  are  not  placed  at  the  same 
distance  apart,  then,  of  course,  the  effect  of  the  hanging  looiJS  must  be 
introduced,  but  that  submits  readily  to  acciirate  computation.  The  tape 
is  stretched  by  a  weight  which  hangs  by  a  lever  so  that  there  is  no  fric- 
tion in  getting  the  stretch.  The  thermometer  is  of  the  same  tempera- 
ture as  the  tape  because  the  whole  atmos^jhere  is  of  the  same  temiiera- 
ture.  I  did  not  mean  to  call  up  the  matter  of  base-hne  measurements, 
but  it  S3rves  as  an  illustration  to  show  that  the  engineer  should  not 
dismiss  the  use  of  the  tape  too  summarily. 

J.  F.  FliAgg,  M.  Am.  Soc,  C.  E. — I  would  like  to  ask  if,  after  the 
length  of  the  tape  has  been  ascertained  by  comparing  it  with  the  base 
line,  whether  that  was  afterwards  used  for  measuring  another  base  line 
to  see  how  it  comi:)ared  with  that  ?  After  you  have  obtained  the  'ength 
of  the  tape,  whether  it  is  tried  on  another  base  line. 

Mr.  J.  B.  Johnson. —That  has  been  done  in  Sweden,  but  not  yet  in 
this  country.  It  is  to  be  done  soon  ;  another  base-line  is  soon  to  l:e 
measured  that  is  of  the  same  standard  of  accuracy.  *  The  tape  should 
be  used  on  a  still  and  cloudy  or  foggy  day,  because  it  is  a  very  sensitive 
standard,  and  ils  temperature  could  not  otherwise  be  accurately  deter- 
mined by  a  mercurial  thermometer. 

*  In  1886  one-half  of  the  Olaey  Biae  Line,  in  Southern  Illinois,  was  measured  three  times 
with  the  Mississippi  River  Commission  Tape.  The  length  measured  about  10  816  feet.  In 
1887  the  entire  bise  line  was  measured  twice  with  the  same  tape,  the  length  being  about 
21  633  feet.  From  these  five  measurements  there  resulted  the  following  values  for  the  lengtli 
of  the  tape. 

Feet. 

1.  299.07469)      ,.   .,„    „«•«..  t 

2.  299  07581  (      „^!?. ,?'„..      1=299.07527 


3:299.07532J      measurement,     i 

4.  299.07.5-28>     Mean  of  spcond    )  —nnam'iO'i 

5.  299  0T522(      measurement.     | -■^•'•'■"'0'=a 


See  Report  Missouri  River  Commission  for  16 
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There  are  now  iu  tbis  coiiutiy  two  absolute  standards,  each  300  feet 
long.  One  is  the  property  of  the  Mississi])pi  River  Commission,  and 
the  othe  •  is  the  property  of  Washington  University,  St.  Louis.  The 
co-efficient  of  expansion  of  the  Commis-sion's  tape  was  determined  h\  my- 
self hy  continuous  observations  for  four  days  and  three  nights,  with 
average  temperature  of  some  fifty  degrees.  Micrometer  microscopes 
■were  mounted  on  fixed  pillars  over  the  ends  of  the  tai:)e,  which  Avas 
stretched  by  a  16-ponnd  weight.  The  entire  tape  was  inclosed  in  a  wooden 
box,  and  susi^onded  from  hooks  every  16  feet.  The  stretching  weight  was 
slung  from  a  noose,  which  was  kept  adjusted  to  an  angle  of  45  degrees 
with  the  vertical.  Its  co-efficient  was  found  to  be  0.00000699+4  in  the 
last  place.  Its  modulus  of  elasticity  was  found  to  be  27  400  000.  Its 
absoliite  length  was  obtainel  by  measuring  the  Olney  base  Hue. 

The  Washington  University  tape  was  standardized  by  comparisons 
at  two  widely  different  temperatures  with  that  of  the  Mississippi  River 
Commission.  I  may  say  that  co-efficients  of  expansion  of  steel  standards 
of  length  have  been  found  to  vary  from  0  0000048  to  0.0000070,  a  vari- 
ation of  nearly  50  per  cent. 

F.  OoiiiiiNGWOOD,  M.  Am.  Soc.  C.  E.— How  do  you  preserve  the  ac- 
•curacy  of  the  length  of  the  tape  ? 

Mr.  J.  B.  Johnson. — I  do  not  understand  that  the  mere  fact  of 
winding  the  taj^e  changes  its  length.  After  you  exce^^d  its  elastic  limit 
its  length  is  increased,  biit  a  steel  tape  is  so  thin  that  it  neve:*  takes  a 
permanent  set  by  winding  upon  a  real. 

Mk.  CoLiiiNGWooD. — Of  large  size  ? 

Mr.  Johnson.— The  reel  is  about  6  inches  in  diameter. 

Mr.  CoLiiiNGWOOD. — Is  that  a  small  diameter  ? 

Mr.  Johnson.— Medium,  I  should  say.  The  tape  is  |  of  an  inch 
wide,  and  about  5-4  of  an  inch  thick. 

Mr.  Wagner. — I  would  like  to  say,  that  from  what  I  know  of  steel 
tapes  it  is  not  so  much  the  steel  tape  itself  as  the  number  of  steel  tapes 
that  has  to  be  contended  with.  The  inspector  comes  and  complains 
that  the  work  is  long  or  short  by  his  tape.  It  is  mainly  with  this  that 
we  experience  the  trouble.  If  steel  tapes  are  properly  used  and  prop- 
erly devised,  then,  with  proper  care,  very  good  work  can  be  obtained, 
but  each  inspector  comes  along  and  says  that  all  the  work  has  got  to  be 
done  by  his  tape. 

J.  J.  R.  Cboes,  M.  Am.  Soc.  C.  E. — Would  it  not  be  better  for  the 
manufacturer  to  furnish  the  steel  tape  to  the  inspectors?  The  cost 
would  not  be  very  great  and  the  manufacturer  would  thus  give  the 
inspector  the  standard  by  which  all  the  work  would  be  laid  out.  In  that 
way  harmony  could  be  preserved. 

Eliot  C.  Clarke,  M.  Am.  Soc.  C.  E.— I  would  like  to  ask,  whether 
the  use  of  wood  for  accui'ate  measurement  is  safe?  I  know  it  has  a  bad 
(reputation;  but  in  measuring  lines  under  the  Detroit  River,  we  used  rods 
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10  feet  long.  We  selected  with  great  care  some  pieces  of  black  walnut, 
and,  after  having  them  very  thoroughly  boiled  in  oil,  made  four  rods, 
putting  little  metal  strips  at  each  end,  and  we  had  great  success  with 
them;  we  never  had  any  trouble  from  moisture  of  the  wood.  It  seems 
to  me  that  wood,  properly  prepared,  for  many  purposes  would  answer 
very  well. 

Mr.  J.  B.  Johnson. — If  the  measurements  are  not  to  be  uiade  with 
the  utmost  accuracy,  wood,  I  think,  is  a  very  satisfactory  standard,  but 
for  extreme  accuracy  it  will  not  do.  I  have  compared  3-meter  painted 
pine  level  rods,  with  absolute  standards,  for  weeks  at  a  time,  by  means 
of  micrometer  microscopes,  so  that  the  facilities  were  good  for  getting 
very  accurate  results.  The  rods  were  thoroughly  tested  and  were 
treated  exactly  alike,  and  were  stood  vertically  upon  one  end,  so  that 
there  should  be  no  good  reason  why  they  should  change  their  lengths; 
but  each  rod  had  a  different  curve  of  changes;  they  were  not  reliable. 

A  Member. — How  large  were  they? 

Mr.  Johnson. — About  10  feet  long.  The  extreme  changes  amounted 
to  about  half  a  millimeter;  that  is,  aboiit  1  in  6  000.  The  graduations 
were  on  the  surface,  however,  and  the  changes  noted  might  have  re- 
sulted from  deflections.  End  comparisons,  or  comparisons  on  the  neu- 
tral axis,  might  have  shown  no  change. 

Mr.  CoLLiNGWooD. — Did  the  gentleman  intend  to  say  that  the  inspect- 
or's o^jiniou  should,  in  any  case,  be  final? 

Mr.  Wagner. — Yes,  sir;  I  do  think  that  when  an  inspector  passes 
upon  a  piece  of  work  he  should  not  have  the  right  to  reject  it  afterwards, 
unless  there  is  something  of  serious  consequence;  he  ought  not  to  have 
the  right  to  change  his  opinion. 

H.  B.  Seaman,  M.  Am.  Soc.  C.  E. — If  the  fault  is  not  seen  by  the 
first  man  it  will  be  condemned  by  the  second. 

Mr.  Wagner. — If  the  work  is  bad  it  ought  to  be  condemned  imme- 
diately. If  there  is  anything  wrong  that  would  injure  it  it  ought  to  be 
condemned  by  anybody  interested  in  it;  but  if  there  is  only  a  minor 
point  in  view,  I  think  the  contractor  should  not  be  put  to  any  expense 
after  the  inspector  has  once  passed  the  work. 

Mr.  CoiiLiNGWooD. — I  think  that  very  often  the  contractor  would 
like  to  appeal  from  the  inspector's  decision,  and  I  think  that  a  con- 
tractor ought  to  have  that  right.  But  in  some  cases  there  may  have 
been  something  which  could  not  be  seen  at  the  time  which  can  be  seen 
later  on. 

Mr.  Wagner. — I  agree  with  the  gentleman  fully. 


'^cf'r-  ^j 
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